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For no one successfully inves
tigates the nature of a thing in 
the thing itself; the inquiry must 
be enlarged so as to become more 
general.

Francis Bacon x>

PREFACE

“Nauka” Publishers issued my small book The Biotic 
Cycle in 1970. In a preface to the book I described it as an 
attempt at putting things in order in the “intellectual 
household” of a scientist who had been engaged in biologi
cal research for over 40 years. The book was soon sold out 
and solicited ample response.

It appears that the demand for the synthetic studies 
was particularly poignant in the present epoch of scientific 
and technical revolution. The huge store of factual data 
accumulated in various biological disciplines urges for new 
approaches, new viewpoints and new concepts. It is clear 
that new approaches and, the more so, new concepts will 
not come out of the blue. Besides, it is too much of a task 
for one explorer. Those treading on this way are to look 
forward to disappointments and failures. And yet we must 
go ahead! The English materialist-philosopher Francis 
Bacon was quite right when he said: “For there is no compa
rison between that which we may lose by not trying and by 
not succeeding; since by not trying we throw away the chance 
of an immense good, by not succeeding we only incur the 
loss of a little human labour.”* 2)

The idea of the evolution of the biosphere has not emer
ged at once. It was foreshadowed by a lengthy period of the 
shaping of evolutionary ideas. The progress of the scienti-

Bacon, F. The Works of Francis Bacon. Collected and edited by 
J. Spedding, R.L. Ellis, D.D. Heath. London, 1870, vol. IV, p. 71. 
Aphorism 70.

2) Ibid., p. 102, Aphorism 114.
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lie theory of evolution of the organic world began from Dar
win’s work.

In the course of the development of Darwinian views 
several periods were distinct. The latter half of the 19th 
century was marked by the struggle for Darwinian views 
as a materialist theory of evolution. The Russian bio
logists K.A. Timiryazev, the Kovalevski brothers and 
1.1. Meclinikov alongside the English biologist J. Hux
ley and the German evolutionist E. Heckel played a major 
part in the vindication and advancement of Darwinian 
views.

The next period, which began from the end of the last cen
tury, was chracterized by the penetration of evolutionary 
ideas into several biological disciplines. This was no smooth 
process. Almost in every field a severe struggle of the pro
gressive materialist ideas against idealistic views can l>< 
traced. In embryology vitalism was resuscitated and In 
came militant, while in palaeontology and comparative ana
tomy numerous varieties of idealism came to light. At the 
dawn of this century geneticists first proved reluctant to 
accept Darwinian views: the role of sudden hereditary 
changes (mutations) was overrated while the part played 
by the natural selection was denied and the ideas on the 
possibility of evolution with the hereditary factors 
remaining constant, etc. were proposed.

The penetration of materialistic evolutionary ideas into 
the special sciences occurred largely only in the first third 
of this century. Much credit is due to Soviet scientists who 
were always in the vanguard of scholars struggling for a ma
terialistic evolutionary theory. The gifted disciples of 
N.K. Koltsov, S.S. Chetverikov, A.S. Serebrovsky, 
M.M. Zavadovsky, B.L. Astaurov, N. P. Dubinin, the schools 
of academicians N.I. Vavilov, V.N. Sukachev, A.N. Se- 
vertsov, and A.I. Oparin as well as the biologists who had 
put their studies at the service of agricultural practice I.V. 
Micliurin and M.F. Ivanov made a great contribution to 
underpin the various particular studies with an evolutiona
ry groundwork.

By the 1940s, all biological sciences had stored huge 
masses of factual data, to some extent concretizing the gene
ral propositions of the evolutionary theory. The task of



PREFACE 9

synthesis of numerous and scattered studies arose. This 
titanic work was undertaken by the Soviet scientist 
1.1. Schmalhauzen and the English biologist J. Huxley. The 
foundations of the teaching on the factors, pathways and 
regularities of the process of evolution were laid down.

With the emergence of the synthetic theory of evolution 
the third period in the advancement of evolutionary ideas 
set in which was brilliantly described by K. M. Zavadsky1*.

The evolutionary ideas have always reflected the level 
of development of the productive forces of society. The low 
level and extensive forms of agriculture had as its counter
part the idea of constancy of organic forms and their inde
pendence of one another. When, urged by the growth of 
commodity production, the need for intensification of agri
culture arose, breed and race became the units of economic 
activity. It was only about that time that the theory of the 
evolution of species came into existence. “The social gene
sis of Darwin’s teaching can be traced back in all details,” 
N.I. Vavilov wrote* 2).

As the evolutionary teaching progressed it came to exer
cise a growing influence on the practice in breeding of new 
races and breeds of cultured animals and plants. As a result 
“before our eyes selection has been getting transmuted into 
a scientific discipline studying the problems of evolution 
and controlled by man, in other words, it is becoming expe
rimental evolution” 3).

Thus, the third period in the development of the evolu
tionary theory was marked not only by synthesis of vast 
amount of factual data accumulated by different biological 
disciplines but by a clear-cut statement of practical tasks: 
the purposeful transformation of breeds and races of agri
cultural organisms. Human mind came to work as an impor
tant factor in the evolution of this group of living beings.

Zavadsky, K.M. Synthetic Theory of Evolution and Dialectical 
Materialism. Proceedings of the Symposium “Philosophical Problems 
of Evolutionary Theory”. Part 2, Moscow, Nauka Publishers, 1971 
(in Russian).

2) Vavilov, N.I. The Role of Darwin in the Development of Bio
logical Sciences. In: Ch. Darwin. The Origin of Species. Moscow, 
Scl’khozgfz Publishers, 1935, p. 37 (in Russian).

3> Ibid., p. 45.
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In the course of the transforming activity the creators 
of new breeds and races initially gave their attention only 
to few species which catered food products and raw mate
rials for industry or else were somehow harmful for produc
tion. This restriction of the object of activity in actual fact 
proved to be imaginary. The species never exist in nature 
isolated from one another and so it might seem transforming 
individual single forms the creators of new breeds and races 
always had to deal with involved complexes of organisms 
interconnected in a most intricate way. Consequently, what 
actually took place in the course of selection was not only 
conscious transformation of the individual species but a 
not fully aware reorganization of the relations between in
dividual species. As a result pests of agricultural crops, 
harmful weeds, etc. emerged.

A similar reorganization was taking place independent 
of man’s will in the development of industry, transport and 
in urban construction.

Over a hundred years ago on the eve of the appearance of 
Darwin’s principal work, K. Marx and F. Engels wrote: 
“...particular relation of men to nature is determined by 
the form of society and vice versa. Here, as everywhere, the 
identity of nature and man appears in such a way that the 
restricted relation of men to nature determines their restric
ted relation to one another, and their restricted relation to 
one another determines men’s restricted relation to nature, 
just because nature is as yet hardly modified historically...” 1J.

At present nature and in particular the organic world 
are undergoing enormous change due to economic activity 
of society.

The time of “restricted relation of men to nature” about 
which K. Marx and F. Engels wrote is gone never to return: 
“...human society is ever more moving to the foreground 
as regards its impacts on the environment.... This society 
is becoming an agent, unique in its kind whose power is 
growing with the course of time with an accelerating 
speed. It alone changes, in a new way and with a growing 
velocity, the structure of the very foundations of the

1} Marx, K., Engels, F. Selected Works. Vol. 1, Moscow, Progress 
Publishers, pp. 32-33.
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biosphere,” the father of biogeochemistry V. I. Vernadsky 
wrote1*.

In other words, by the entire course of his economic 
activity man is determining the direction of the biosphere’s 
evolution and of the biological evolution proper. The pre
sent scientific and technical revolution inevitably proves 
to be a revolution of the entire biosphere.

The view of man as the leading factor of evolution was 
put forward in the 1930s in the Soviet Union not only by 
V.I. Vernadsky but by the eminent biologist B.P. Tokin. 
In Britain it was developed by the biologist J. Huxley, in 
France by the philosopher E. Le Roy and the palaeontologist 
P. Teilhard de Chardin. In the past few years this idea 
has been attracting growing attention of ever more scholars. 
The honoured scientist N.V. Lazarev heads the team of 
scientists issuing the compendium entitled “Introduction 
to Geohygiene” which shows the need for a hygiene of the 
Earth, that is, for protection of nature from senseless and 
planless invasion of technology. This need endows the issue 
with all possible poignancy.The idea that in some way the 
relations between man and nature have to be put into order 
underlies the collection of papers “Nature and Society” 
issued by Nauka Publishers in 1968. Academician N.P. Du
binin underlines: “The problem is posed full-length of a rea
sonable control of the evolution of life on the Earth.2)
N.V. Timofeev-Resovsky, N.N. Vorontsov, A.V. Yablo- 
kov write: “...Mankind is today faced with tha necessity of 
aware planning and detailed foresight of the results of its 
growing interference with the previously spontaneous proc
esses taking place in Earth’s biosphere.” 3) This thesis is 
also maintained by J. Bernal in his latest book. A conscious 
control of biosphere’s evolution is posed as a most urgent 
theoretical problem of today. It is becoming ever more 
obvious that the entire future of mankind is predicated on its 
successful solution. The time is ripe for mankind to take

Vernadsky, V.I. Bio geochemical Essays. Moscow, The Publishing 
House of the Academy of Sciences of the USSR, 1940, p.47 (in Russian).

2) Dubinin, N.P. Some Methodological Aspects of Genetics. Moscow, 
Znanie Publishers, 1968, p. 39 (in Russian).

3) Timofeev-Resovsky, N.V. et al. Brief Outline of the Evolution
ary Theory. Moscow, Nauka Publishers, 1969, p. 8 (in Russian).
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upon itself responsibility not only for the course of scienti
fic and technical revolution but for the revolution of the 
biosphere caused by the scientific and technological pro
gress. Control of the biosphere’s revolution is not a day
dream or delusion but the barest necessity!

The evolutionary theory is thus entering upon the fourth 
period in its history—period of conscious guidance of life’s 
evolution on this planet. The essential feature distinguish
ing this period from the preceding ones is that the basic 
object of research is no longer individual species but the evo
lution of the whole biosphere.

The book that I am now submitting to the reader is pre
cisely an attempt at considering some features of this global 
process.

The opening two chapters deal with the emergence of 
the biosphere and the stages of its evolution. The third and 
fourth chapters outline features of the present biosphere and 
its components. Chapters 5 and 6 discuss the factors and the 
basic law-governed regularities of the biosphere’s evolution. 
Chapter 7 deals with the reciprocal relations between bio
sphere and man. The great practical importance of this 
problem is shown.

On the whole, this book is an attempt at a synthesis of 
Darwinian views with the ideas of the illustrious Soviet 
naturalist V.I. Vernadsky. Development is treated as a 
sequence of integrations of scattered information. This idea 
has enabled to outline in a common perspective the emergence 
of atoms, the development of the biosphere as well as the 
entire course of the latter’s evolution.

In a way this too is a sort of integration of scattered in
formation bearing on the evolutionary ideas.

The vitality of a new synthesis in nature depends on the 
interaction of its results with the environment. Likewise, 
it is up to the readers to judge about the strengths and weak
nesses. of this work.

I will be sincerity grateful for any kind of response be it 
welcome or censure.



Chapter 1

COSMIC AND PLANETARY PRECONDITIONS 
FOR THE EVOLUTION OF LIFE

We must assume that living mat
ter developed in the same way as 
did all other processes, by way 
of evolution... and that process 
is also likely to have taken place 
during the transition from an in
organic world to an organic one.

K. A.  Timiryazev 1)

From Dogma on the Spontaneous Generation of Life 
to a Scientific Theory of Its Origin

For centuries, the problem of the origin of life did not exist 
at all for most people. Even eminent scientists admitted the 
possibility that living creatures were constantly generated 
from dead matter. The father of sciences, the Greek phi
losopher Aristotle who lived some time before the 3rd cen
tury BC did not have the slightest doubt concerning the 
spontaneous generation of frogs, mice, to say nothing of the 
smaller animals and plants. In the 3rd century AD the ideal
ist philosopher Plotin suggested that living beings were 
spontaneously generated from the soil during the process 
of decay.

Johannes Baptista van Helmont, the Dutch scientist 
of the 17th century, known for Ills quantitative investiga
tions into the nutrition of plants, devised a recipe for pro
ducing mice from wheat and sweat-soaked underwear. The 
English philosopher Francis Bacon, the founder of experi
mental science, criticized in his famous work the “Novum 
Organum” the ancient Greek philosopher Aristotle and his 
successors for their abstract reasoning. At the same time he 
wrote about the spontaneous generation of small animals 
in the decaying substrata. In his opinion decay induced new 
life. The idea of the spontaneous generation of living from 
non-living matter did not meet any objections from such pro- 11

11 Timiryazev, K.A. From the Scientific Gronicies of 1912. Collec
ted works, Moscow, vol. 7, Solkhozizdat Publishers, 1939, p. 453.
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minent thinkers as William Harvey, Rene Descartes, Galileo 
Galilei, Jean Baptiste Lamarck, or Georg Hegel.

It was not until the latter half of the 17th century that 
these ideas began to be revised. In 1668 the Tuscan phy
sician Francesco Redi showed that the white worms, which 
developed in decaying meat, were the maggots of flies. One 
hundred years later, the Italian Lazzaro Spallanzani and the 
Russian scientist Martyn Terekhovsky dealt the first blow 
at the idea of the spontaneous generation of microorganisms. 
It was only another one hundred years later, in 1862, that 
the brilliant French scientist Louis Pasteur finally refuted 
the dogma of spontaneous generation and claimed that “life 
can spring only from life”.

Pasteur’s experiments disproved the possibility of spon
taneous generation of the simpliest organisms under present- 
day conditions and the problem concerning the origin of 
life on the Earth was brought into open discussion. The 
scientists who attempted to answer this question fell into 
two groups. The first group argued that life was eternal and 
had never been generated on our planet but had been intro
duced to the Earth from the depths of Space where it has 
existed for ever. Thus they wanted to strike the problem of 
the origin of life off the agenda completely, m e representa
tives of the other group endeavoured to create, on the basis 
of some experimental data, more or less plausible ideas of 
the emergence of life from non-living matter. The most 
popular hypotheses were those advanced by F. Allen, G. Os
born and E. Pfluger. Valuable as these hypotheses were, all 
of them had a rather substantial shortcoming: they inter
preted the origin of living matter from mineral elements as 
a sudden chance process.

It was Friedrich Engels who treated scientifically the 
problem of the origin of life. Engels asserted that life did 
not originate all of a sudden but formed in the process of 
evolution of matter. A similar idea has been suggested by 
K.A. Timiryazev in his well-known article “From the 
Scientific Chronicles of 1912”. x) The idea of evolution pro
vided the foundation for the theories of the origin of life ad-, 
vanced by the prominent Soviet Academician A.I. Oparini

See epigraph to Chapter 1.
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(1924), and the English scientist J .B . Haldane (1929). 
All our present-day concepts regarding the origin of life are 
based on the works of these researchers which have won gen
eral recognition.

The works by Oparin, Haldane and their numerous suc
cessors revealed that the origin of life on the Earth was the 
result of a long process of the evolution of matter, which 
began many milliards of years ago. >

There are some details in the process which as yet we 
do not fully understand. Much will subsequently be rendered 
more accurate and, probably, verified. But the main thing, 
the complicated multistage nature of the development of 
matter, which preceded the generation of life on the Earth* 
will indisputably remain.

Formation of the Chemical Elements

About twenty thousand million years ago, somewhere in 
the expanse of the Universe there arose a large hydrogen 
cloud, which began contracting due to the forces of gravity. 
Gravitational energy was gradually converted into heat 
energy, the cloud got heated and changed into a star. After 
the temperature within the star had risen to several millions 
of degrees, nuclear reactions began which converted the 
hydrogen to helium. Four atomic nuclei of hydrogen formed 
one atomic nuclei of helium. The process was accompanied 
by the release of energy. As the nuclear reactions gradually 
ceased due to the limited resources of hydrogen, the pres
sure inside the star dropped, there was nothing to withstand 
the forces of gravity and the star again contracted.

This gravitational contraction caused a new rise in 
temperature^ The conversion of helium began: every three 
nuclei of helium were converted to one carbon nucleus. As 
helium burns more rapidly than hydrogen, the thermal pres
sure within the star overcame the forces of gravity and the 
star began expanding again. At this stage it consisted of a 
very hot and dense nucleus, within which the helium conti
nued burning, and also of rarified matter which formed an 
envelope of a vast size consisting predominantly of un
burned hydrogen. Astronomers call such stars red giants.
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The nuclear processes within the star proceeded. The 
helium nuclei combined with the carbon nuclei to form nuclei 
of oxygen and subsequently nuclei of neon, magnesium, 
silicon, sulphur, etc. When the remains of the nuclear fuel 
were exhausted some stars lost their stability and exploded. 
And so-called supernova stars arose.

During the explosion, two things occurred which had 
enormous consequences: a mass of heavy chemical elements 
was synthesized, a small portion of the star matter contai
ning these elements was thrown into space and mixed with 
hydrogen. Thus all the chemical elements occurring on the 
Earth were synthesized and distributed in space. As a result, 
the subsequent generation of stars formed from hydrogen 
had, from the very outset, an admixture of heavy elements. 
The Sun is one of the stars generated from a hydrogen cloud 
enriched with heavy elements, their concentration in the 
Sun (0.044 per cent) being four times higher than in Space 
(0.011 per cent).

“The sun is a fairly ‘middle-aged’ star in the sense that 
there must have been a number of supernova explosions 
whose materials have given rise to the heavier elements 
that are at present principal components of the Earth.” l)

There are several hypotheses on the formation of planets. 
The planets being very similar to the Sun in their chemical 
composition, the most probable hypothesis is that which 
states that they were formed from the remains of the cloud 
from which the Sun itself was formed.

“The stars must collect, explode and collect again for 
a negligibly small portion of the original matter to change 
into the various substances which we encounter on the 
Earth... . It took an exceedingly long time and exceedingly 
great amount of material to form the matter of our world.”2* 
The process began as far back as twenty thousand million 
years.

D Ca'-Mii, W. Chemical Evolution. Oxiord, Clarendon Press, IDO1.),
p. 11J.

2> Weisskopf, V. Knowledge and Wonder. Doubleday and Company 
Inc., New York, 1902.
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Chaos, Organization, Information

In the process of the evolution of matter, rather simple 
things give rise to more complex ones—to a great variety 
of chemical elements. The impression is that organization 
resulted from chaos. Is this really the case? And what are 
chaos, organization, and information?

Since the dawn of history man has been contrasting or
ganized things to unorganized ones, order to chaos. In his 
“Metaphysics” Aristotle cites the Greek philosopher Hesiod 
of the 8th century BC: “Chaos was the first to form and onlyi 
later was Gaea (the Earth) with the broad breast gene
rated.” x) The Bible tells us that God created the organized 
Universe from original chaos. The English cyberneticist 
St. Beer asserts with good reason that many present-day 
concepts are based on the idea of original chaos.1 2) His view 
has received support from the English scientist John Ber
nal who identifies the problem of the origin of life with the 
question of how “order can be derived from disorder... 
and we can get to the genesis of order in an essentially 
disordered world”. 3)

What is chaos? I daresay that the best answer to this 
question was given by the English cyberneticist W. R. Ash
by .4) According to Ashby, chaos is an unlimited multifor
mity, i.e., the absence of any links betw een plpmonts. 
Things and 'phenomena are examples ot the limitations of 
multiformity.

The concept of chaos is thus a philosophical abstraction, 
a world without links and interactions. It is natural that 
'Such a world cannot develop independently. Hence the con
cept of primary chaos is closely linked with that of a higher 
organizing force—a God-creator, and with the idea that 
the organization of the Universe is of supernatural origin. 
Such a Universe, left to its own devices, will just deteriorate

1] Aristotle. Metaphysics. Moscow-Leningrad, Sotseconomizdat, 
1934, p. 25 (in Russian).

2) Beer, St. Below the Twilight Art—a Mythology of Systems. Proc. 
of the 1st Syst. Sywp. at Case Inst. of Tech. N. Y.-London, 1961, p. 2.

3> Bernal, J.D. The Origin of Life. London, Weidenfeld and Nicol- 
son, pp. 7, 149, 1967.

4) Ashby, W.R. An Introduction to Cybernetics. Chapman and 
Hall, London, 1956.

•_> -383
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and finally decompose. The German scientist F. Auerbach 
wrote: “Creation is the sole act of general concentration of 
world energy, the formation of opposites and of maximum 
values... . Since that time—if the world is taken as it is— 
everything is continually diminishing, and we do not know of 
a single, not even a very insignificant, addition to it. JiL 
Space considered as a whole there is no development.” u

The second part of Auernach s assertion—degradation 
of the Universe—is in accordance with the second law of 
thermodynamics and its consequence: growth of entropy 
in closed systems. Extending this idea to the whole world, 
the German scientist R. Clausius, the author of this notion 
and the founder of the original “philosophy of disordered 
state” (1865), arrived at the conclusion of the inevitable 
thermal death of the Universe. Another German physicist 
L. Boltzmann (1884) made an attempt to refute this 
conclusion of Clausius. Having proved the statistical 
character of the second law of thermodynamics, Boltzmann 
thought that it was erroneous to apply it to an infinite Uni
verse. It may be subject to some fluctuations resulting in 
the decreasing entropy in some corners of the infinite world. 
This is a kind of criticism of the statistical theory based on 
pure statistics.

Proceeding from relativistic thermodynamics, the Soviet 
physicists Academician L.D. Landau and E.M. Livshits2> 
disproved the hypothesis of thermal death even for a finite 
Universe. Though the entropy of the world increases, the 
Universe, because of the special features of its organization, 
in particular these of its gravitational fields, cannot attain 
a state of equilibrium with some .maximum entropy, which 
is an indicator of chaos. Considering the movement of plasma 
particles in an electromagnetic field, the direction in which 
the particles of a neutral gas move under the effect of gra
vity fields in Space, the French scientist A.D. Ducrocq 
arrived at the conclusion that “the language of entropy has 
some sense for hypotheses pertaining in practice to an idea I * 2

Auerbach, F. Ektropismus oder die physikalische Theorie des 
Lebens. Verlag Von Wilhelm Engelmann, Leipzig, 1910, pp. 24, 35*

2) Cited from: Bazhanov, L.B. Collected works: Philosophy of Na
tural Science. Gospolitizdat, Moscow, 1966.
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case only”11. The conlusion of the thermal death of the 
Universe is thus based on a simplified concept of its 
organization.

The abstract concept of a world with no innate links and 
interactions inherent in its things and phenomena is cont
rasted with the idea of a universal bond between objects and 
processes in the Universe. “Everything is ‘vermittelt’- 
mediated, bound in One, connected by transitions...,” wrote 
V.I. Lenin.— “Cause and effect, ergo, are merely moments 
of universal reciprocal dependence of (universal) connection, 
of reciprocal concatenation of events, merely links in the 
chain of the development of matter.”2)

The Universe is__organized. Its organization can be ob- 
served~n6t only^in the world ofTTving^eings where it was 
noted long ago but also in the elem ents^ inanimate nature 
ranging  ̂from elementary particles to stellar systems and 
conglomeration^ “Order is more natural than
chaos,” wrote St. Beer.* 2 3) Organization is not a specific feature 
of the world introduced by the creator from outside and which 
has'"Been degrading since the act of creation. It ^ a n  innate 
property of the world.

Thus we cannot regard organization as originating from 
chaos; we may speak only of more simple and more complex 
forms of organization. Organization is, like substance and 
energy, an integral property of things and processes.

Substance and energy can be rather easily measured; 
substance in grams and energy in ergs. Can organization 
be measured? For a long time it seemed senseless to" pose 
such" a question. Indeed, what units can be used for measu
ring the degree of organization of a dog, a birch tree, a crystal 
of table salt and other things? With the advance of cyber
netics and the theory of information this question no longer 
appears absurd. Two concepts were compared: organization 
and information.

J) Ducrocq, A. Physics of Cybernetics. Collected works: Cyber
netics Expected and Cybernetics Unexpected. Moscow, Nauka Publi
shers, 1968, p. 115 (in Russian).

2> Lenin, V.I. Collected Works. Foreign Languages Publishing 
House, Moscow, 1963, vol. 38, pp. 103, 159.

3> Beer, St. Below the Twilight Art—a Mythology of Systems. 
Proc. of the 1st. Syst. Symp. at Case Inst, of Tech. N.Y.-London, 
1961, p. 2.

2*
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A concrete organization normally implies some complex 
of elements related to one another in some definite way. 
For example, the hare is an organization of living cells, 
tissues and organs combined into some kind of morphophy- 
siological entity. A table is also an organisation assembled 
from certain specific parts. Organization has three charac
teristic features: it comprises several components, which 
are either similar or different; the existence of bonds between 
these components, and the special features of these bonds, 
imparting some definite form and stability to the concrete 
organization.

The content of the concept of information is a more 
complicated problem. {Before Norbert Wiener, the founder 
of cybernetics, and Claude Shannon, author of the theory of 
the transmission of information through communication 
channels, information was interpreted as a communication 
containing some facts. For example, during World War II, 
the Soviet Information Bureau kept the people informed 
about the situation on the fronts; newspapers, radio and te
levision inform people daily about events occurring in this 
country and abroad; in the process of study, students take 
up the information given to them by the teacher or learn it 
by reading textbooks, or working at seminars; a researcher 
studying some phenomenon, a process or object does his best 
to learn about it as much as he can, i.e., to derive from 
it as much information as possible. Information thus re
flects some real processes, phenomena or peculiar features 
of a structure. From the information of the Soviet Informa
tion Bureau people learned about the results of battles 
against the Nazis; the mass information media give accounts 
of various events taking place on our planet; the information 
obtained by the researcher by studying certain processes 
or phenomena reflects their specific character and the pecu
liar features of their organization. To word it differently, 
“information exists because there are material bodies and, 
consequently, heterogeneities formed by them. Any hetero
geneity bears some information/ *l) wrote Academician 
V. M. Glushkov. Further he explained: the stars, for example,

Glushkov, V.M. On Cybernetics as a Science. Collected works: 
Cybernetics, Thinking, Life, Moscow, Mysl Publishers, 1964, p. 53.
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serve as a source of information by creating a certain hete
rogeneity in the distribution of substance and energy. The 
same is true of any object or phenomenon in the world around 
us. Thus organization is a source of information.

Since all the objects and processes of the world around 
us are, to some extent or another, connected together with 
different categories of links, they inevitably exchange not 
only substance and energy but also information.

When complexity is of the same order, the exchange 
enriches equally both (or several) interacting components; 
when a complex system interacts with a relatively simple 
one they derive different information due to this interaction. 
In other words, each interaction invariably results in the 
selection of the information which corresponds to the 
structure of the interacting components. Organisms obtain 
from the inorganic environment information about the cha
racteristics of chemical elements and their compounds, about 
their distribution and sources of free energy; inorganic nature 
in its turn gets information about the products of metabolism. 
As a result the organism is enriched with substance, energy 
and inlormation, and the inorganic medium undergoes some 
changes due to accumulation of the products of metabolism,
i.e ., has a different information content. Interaction of 
foxes and hares is an interrelation of complex organisms. 
A decisive role in this case is played by behavioural reac
tions which are the result of higher nervous activity. Thus 
exchange of information between the interacting components 
is a specific exchange of information about their organi
zation.

The ability to derive information from the surroundings 
is conditioned by the specific features of the interacting 
components. “A-tumbler is assuredly both a glass cylinder 
and a drinking vessel. But there are more than these two 
properties, qualities or aspects to it; there are an infinite 
number of them, an infinite number of ‘mediacies* and inter
relationships with the rest of the world,” wrote V. I. Lenin.x) 
Further Lenin mentioned some other properties of a tumbler: 
a heavy object which can serve as a paper-weight, a recep-

1} Lenin, V.I. Collected Works. Progress Publishers. Moscow, 
1963, vol. 32, p. 93.
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tacle for a captive butterfly, etc. We can add that a tumbler 
can be used as material evidence for the examining magi
strate, or be the subject of speculation about the develop
ment of the glass industry, or a gift, etc. However neither a 
frog, a beetle nor most other animals are able to distinguish 
it from a stone. The flow of the tide will round a tumbler in 
the same way as it treats other stones, till the tumbler 
turns into smooth pieces of glass..„ .

Hence an object which has an infinite number of proper
ties and, consequently, an infinite information potential 
(recall what V.I. Lenin said about the inexhaustibility of 
the electron) exibits different informational value depending 
on the person or thing it interacts with. “The text of a very 
substantial mathematical article contains practically no 
information for the man who is not a specialist in this 
particular field of mathematics.”x) Neither can the author 
of the article derive any information which would be new 
for him.

Thus the informational value of an object or phenomenon 
does not depend on the amount of information it contains 
(this amount is infinite!) but on who or what uses this 
information. Information, therefore, is very difficult to 
measure. Now there is only a formal mathematical theory of 
the transmission of the amount of information through 
communication channels which is due to Shannon’s funda
mental works. According to this theory, information is in
terpreted as some degree of removed indefiniteness. For 
example, the traveller who comes to a fork in the road is 
uncertain as to which way he should take to get to village 
A . The man he meets directs him to the right. Indefiniteness 
was removed in this case by selecting one of two possible 
roads. The information given by the man is valued at one 
binary digit. Let us assume that to get to village A the tra
veller must make two more similar choices; he must follow 
first the left fork and then the right. Consequently, to get 
to village A the traveller will have to make three choices,
i.e., obtain information equal to three binary digits. His 
friend who lives in village A and to whom the traveller is

Schreider, Yu.A. On a Model of Semantic Theory of Information. 
Collected works: Problems of Cybernetics, issue 13, Moscow, Nauka 
Publishers, 1965, p. 235.
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going could have provided him with information concerning 
the way to the village. He could ring up to his friend or send 
him a telegram and give him a combination of letters RLR 
(right, left, right) or numbers, e.g. 101 (where 1 stands for 
R and 0 for L). The amount of information content given to 
the traveller would be equal to three binary digits. The com
bination of letters RLR or number 101 does not include such 
words as traveller, road or village A but it contains all the 
necessary information about the way to the village and this 
information can be measured fairly accurate.

Mathematical theory enables the information content 
of a message or literary work to be measured in binary 
digits or “bits”. It is clear, for example, that all the volumes 
of an encyclopaedia contain more information than one vo
lume does, the proportion depending on the number of 
volumes in the complete set. Some researchers have attempt
ed to employ this theory in evaluating the organization of 
living beings and their communities although they have 
not as yet attained any appreciable results. Academician 
V.A. Engelgardt wrote with good reason that unfortunately 
“mathematical aspects of the information theory cannot be 
applied in analyzing the elementary bases of vital pheno
mena, though there are reasons to suppose that due to the 
universal nature of the principles underlying this theory 
its further development will offer possibilities for a broader 
and deeper application.” 1*

At present we must restrict ourselves to the following 
principles which have gained general acceptance:

1. All things and processes in the Universe represent 
a triple unity of matter, energy and organization.

2. In the process of interaction, things exchange matter, 
energy and information. The information reflects specific 
features of the organization of the things involved in the in
teraction.

3. The specific nature of the exchange of information oc
curring during the interaction of things and processes de
pends on the specific features of the organization of the

Engelgardt, V.A. Problem of Life in Modern Natural Sciences. 
Collected works: Lenin and Modern Natural Sciences. Moscow, Mysl 
Publishers, 1969, p. 277.
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interacting objects: objects of higher organization are able 
to derive more information from the surroundings than less 
organized things; at the same time, the former provide more 
information than the latter.

4. Since every organization is characterized by an in
finite number of properties, the amount of information con
tent which can, in principle, be derived from it is infinite 
too. Some aspects of information can be treated mathemati
cally; this instils hope that not only matter and energy but 
also the degree of organization will receive, in the long run, 
a satisfactory relative quantitative evaluation.

Let us return, however, to the problem of the origin of 
the higher (complex) from the relatively lower (simple). 
For this to occur the following conditions must be met:

1. A mass of relatively simple components must be avai
lable.

2. The components must be principally able to form links.
3. There must be a source of energy ensuring interaction 

of the components.
4. The existing conditions must favour some stability 

of the newly-formed systems.
Apart from the above four conditions, a fifth one is re

quired to ensure a multistage nature of the process: the 
newly-formed organization must be able to participate in 
the subsequent evolutionary transformations.

In the case of the transformation of a hydrogen cloud, 
all the five conditions were complied with:

1. Hydrogen is the most widespread element in the Uni
verse.

2. It has been experimentally shown that hydrogen is 
converted into helium at high temperatures. Nuclear syn
thesis underlies the explosive reaction of the hydrogen bomb.

3. Energy required for the synthesis is made available 
by the forces of gravity, which are changed into thermal 
energy of the movement of atoms and is also provided by 
special conditions created by the explosion of stars which 
lead to the formation of supernova stars.

4. Relative stability of the newly-formed chemical ele
ments is ensured first, by intranuclear forces and, se
cond, by the ejection into outer space of some elements 
during explosion of the stars.
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5. The ejection of some portion of heavy elements into 
Cosmos is a precondition necessary for their participation 
in the further evolution of matter... .

“But many, perhaps most, of these heavy atoms are sealed 
forever in the dense, white-dwarf stars from which they can 
never be extracted. Only the material scattered into the 
interstellar medium lives on in the main stream of the evolu
tion of stars and nebulae.” 1*

The generation of complex chemical elements from hydro
gen is thus a long, complicated and multistage process. 
Their structure and occurrence is the result of the circula
tion of substances between stars and the interstellar medium, 
and of the specific cosmic cycle of substances, and also re
flects the cosmic history of their formation.

The emergence of a more complex organization from a re
latively simple one is thus a natural integration on a small 
scale of the peculiarities of the evolution of large material 
structures. Progressive development characterized by the 
growth of the complex from the simple is essentially a pro
cess of the integration of scattered information.

Planetary Preconditions for the Development of Life

The formation of chemical elements in the interior of 
stars is regular process of the evolution of matter. But its 
further development towards life requires planetary systems 
providing conditions favourable to the emergence of living 
things.

The first condition is: life may develop on a planet whose 
mass does not exceed a certain size. Thus if the mass of a pla
net is larger than one twentieth of the Sun mass, intensive 
nuclear reactions will occur on it, the temperature will 
rise and the planet will become luminous. Even on a planet 
with a mass as small as 0.01 of the mass of the Sun, the tem
perature conditions will preclude any development of life. 
A planet with a mass equal to 0.001 of the mass of the Sun 
will be cold but will be able to retain hydrogen, ammonia, 
and methane in its atmosphere in proportions typical of the

Aller, L.H. The Abundance of the Elements. New York, Inter- 
science Publishers Inc., 1961, p. 268.
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Space. The Sun rays, however, will not be able to penetrate 
the dense atmosphere. Jupiter, Saturn and other large pla
nets of the solar sytem are such planets. Consequently, pla
nets with a large mass are not suitable for the development 
of life.

The planets with a small mass, like Mercury and the Moon 
are an example of the other extreme. They are unable, due 
to their small gravitational attraction, to retain for any 
length of time an atmosphere which is indispensible for the 
development of life. Thus, among the planets of the solar 
system, only the Earth, Venus and, to a lesser extent, 
Mars comply with the first condition. A.I. Oparin and 
V.G. Fesenkov1) have evaluated the probability of a planet 
encounter with an appropriate mass existing in Space as 
equal to 1 per cent.

The second important condition is that the planet should 
constantly receive some optimum radiation from a central 
heavenly body. For this condition to be fulfilled the planet 
orbit must he nearly a circle and its distance from the star 
neither too great nor too small. Finally, the radiation from 
the central heavenly body must be relatively constant. 
It is quite obvious that variable stars are not suitable for 
the purpose, and less so exploding stars. A.I. Oparin and 
V.G. Fesenkov evaluated the probability of the second condi
tion as 0.01 per cent.

Calculations of the probability that the first and the second 
conditions will be complied with (optimum mass and 
constancy, optimum radiation) resulted in value equal to
0.001 per cent. This implies that only about one in one 
hundred thousand or, as Oparin and Fesenkov assumed, one 
in a million stars can provide conditions favourable for the 
development of life. As our galaxy numbers over 150 thou
sand million stars, life may be expected to be encountered on 
hundreds of thousands of planets.

It was in the interior of stars that the chemical elements 
were formed which constitute the Earth. Table 1 shows the 
relative content of chemical elements in the composition of

Oparin, A.I., Fesenkov, V.G. Life in the Universe. Moscow, 
The Publishing House of the Academy of Sciences of the USSR, 
1956.
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stellar material, the Sun and in the bodies of plants and 
animals.1)

From the data given in Table 1 it can be concluded that 
the stellar material and the Sun are almost identical in 
their elementary composition and that the percentage of

TABLE 1
Elemental Composition of Stellar Material and the Sun Compared 

with That of Plants and Animals

Content, %

Chemical element stellar
material Sun plants animals

Hydrogen (H) 81.76 87.0 10.0 10.0
Helium (He) 18.17 12.9 — —

Nitrogen (N) 'J 
Carbon (C) Jr 0.33 i 0.33

0.28
3.0

3.0
18.0

Magnesium (Mg) J  
Oxygen (0)

J
0.03 0.25

0.08
79.0

0.05
65.0

Silicon (Si)  ̂
Sulphur (S) 1 0.01 1 0.004 0.15 0.254
Iron (Fe) j 
Other elements

1 J
0.001 0.04 7.49 3.696

heavy elements in the bodies of plants and animals is essen
tially higher. The second conclusion seems to be even more 
remarkable: four elements—hydrogen, carbon, nitrogen 
and oxygen, which are the most abundant elements in the 
Universe—account for the greatest proportion in organisms, 
from 92.28 to 96.0 per cent, of their total number of chemi
cal elements. Living organisms are thus composed of atoms 
which are the simplest and most common in Space.

Life used the most available atoms. Hydrogen, carbon, 
nitrogen and oxygen are found in the first two periods of 
the Mendeleev Table. Atoms of these elements are of the 
smallest dimensions and able to form stable and multiple

Calvin, M. Chemical Evolution. Oxford, Clarendon Press, 1969, 
pp. I l l ,  112.
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bonds. Carbon can also form long chains which facilitates 
the possibility of development of complex polymers. Mul
tiple, double and triple bonds increase the reactivity of 
atoms.

Two other chemical elements—phosphorus and sulphur, 
belonging to the third period of the Mendeleev Table, can 
also form multiple bonds. In the opinion of George Wald,1> 
the American scientist and Nobel Prize winner, this makes 
them exceptionally suitable for storing energy and trans
mitting it in exact doses. Besides, sulphur is a constituent of 
proteins while phosphorus is an integral part of nucleic 
acids; higher nervous activity also depends on phosphorus 
exchange.

Whether life can develop on the basis of other chemical 
elements is often discussed in the literature, especially 
by the authors of popular-scientific essays. In particular, 
the problem of replacing carbon by silicon and water by 
ammonia has been a subject of a fairly considerable dispute. 
George Wald strongly objects to any of these possibilities. 
Silicon cannot form multiple bonds; carbon and oxygen 
combine to form carbon dioxide—a gas readily soluble in 
water which is widely used by organisms and readily dis
charged by them in the process of metabolism. Silicon dio
xide—quartz—is an exceptionally dense, hard, inert mate
rial unable to take part in any active reactions. Like carbon, 
silicon atoms have a strong tendency to link up with one 
another to form long chains. These chains, however, are 
unstable in the presence of water, ammonia, or oxygen. 
Since life without water is highly improbable, silicon cannot 
replace carbon. All sorts of speculations about siliceous 
organisms are nothing but ill-founded fantasies. The hypo
thesis that ammonia can be substituted for water presents 
many difficulties too.

Apart from the six organogenic chemical elements, men
tioned above, of which living organisms are principally 
composed, they also contain positive ions of such metallic 
elements as sodium, potassium, magnesium, calcium and a 
negative ion of chlorine as well as minute quantities of man-

Wald, G. Collected works: Horizons in Biochemistry. Academic 
Press, New York and London, 1962.



COSMIC AND PLANETARY PRECONDITIONS 29

ganese, iron, cobalt, copper, zinc and such still rarer ele
ments as boron, aluminium, vanadium, molybdenum, and 
iodine. Living matter is thus composed of twenty one che
mical elements. Other atoms can also occur, but these are 
encountered less frequently and, as a rule, in smaller quan
tities.

Consequently, the substratum of life comprises three 
types of atoms: those which are most readily available, those 
which are best suited, and those which serve some special 
purpose. Silicon is not among the twenty one elements form
ing the basis of the substratum of life: yet it is widely 
employed by the diatomaceous algae for making their sili
con valves, by some kinds of sponges for their skeleton forma
tion and even by higher plants for rendering their stems 
more stable, etc. Iodine is a component part Of thyroxine, 
the hormone of the thyroid gland of vertebrates, and which 
plays some part in metabolism, notably in the metamorpho
sis of amphibians. The fact that the substratum of life in
cludes not only the most available elements but also those 
which are best suited for vital activity is convincing evidence 
that life is based on the properties of these atoms. They 
are not comparable to parts of a machine that can be re
placed, without detriment, by analogous parts made of a diffe
rent material as is often, for example, done with articles 
of daily use where plastic is substituted for metal. To ful
fil the functions of life, the component atoms must have 
chemical properties which reflect quantum laws. One can 
therefore hardly be in agreement with the theory discussed 
a few years ago by some mathematicians who suggested that 
a living system could in principle be based on other elements.

The evolution of matter towards life has been ensured 
by certain cosmic and planetary conditions and by the 
presence on Earth of certain substances, primarily liquid 
water.

The percentage water content of an organism indicates 
the importance of water to vital activity. A full-grown human 
body for example is 60 per cent by weight of water, a mouse 
73 per cent and in bacteria the figure is closer to 80 per cent, 
in coelenterates, particularly, comb-bearers it exceeds 98 
per cent. In the higher animals those organs that work hard 
are particularly rich in water. Whilst the skeleton may con-



30 EVOLUTION OF BIOSPHERE

tain 22 per cent of water, the muscles contain 76.6 per cent 
and the heart as much as 79.3 per cent and the cerebral he
misphere cortex even as much as 83.3 per cent. In the 
young the percentage of water content may exceed 90 per 
cent during periods when formative processes occur most 
rapidly, whilst in the adult it drops to 50 per cent.

The significance of water to life is due to its various 
physical properties: it possesses remarkable thermal proper
ties: high heat capacity, high latent heat of fusion and eva
poration, low heat conductivity, expansion before freezing. 
These properties ensure relative constant temperature condi
tions in the oceans and are responsible for the small ampli
tude of temperature fluctuations on the Earth surface. The 
specific water-to-temperature relationship governs the water 
cycle in nature, which has played such a significant role in 
the geological history of our planet. The temperature ano
maly of water, i.e. its expansion before freezing, combined 
with an anomalous variation in its density in the range from 
0 to 4° guarantee mixing of water masses and prevent reser
voirs from freezing completely. But for these anomalies, re
servoirs would be unsuitable for life. Ice formed during the 
cold season would go down to the bottom and form deposits 
of ice which would melt only on the surface in summer.

The high heat capacity and low heat conductivity of water 
ensure a relatively constant temperature of the oceans; 
water performs essentially the same role in various organisms, 
ensuring a constant body temperature. No other single 
substance would do this better than water does.

Water also has remarkable properties as a solvent, which 
together with its exceptional mobility make it the principal 
factor responsible for the metabolism in inorganic nature 
as well as for metabolism in organisms: dissolved inorganic 
and organic substances are delivered to their users. Were it 
not for this property, the existence of plankton, non-motile 
organisms, and particularly the higher plants would be out 
of the question. Water was especially essential as a solvent 
and carrier of nutrients during the early periods of life 
before organisms developed organs of locomotion. Water 
transports substances within the organism from one part of 
the body to another: waste matter is eliminated with water, 
too.'
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Thus metabolism, involving the absorption of nutrients, 
their reconstruction and the elimination of products of 
metabolism, is homologous with the exchange of substances 
which occurs in inorganic nature and which is also accomplish
ed with the help of water, just as the process of organic 
metabolism.

But the role of water *is not restricted to performing these 
functions. Due to its high surface tension it- can rise in ca
pillaries. But for this property, organisms would hardly 
have been able to leave the water and invade the land; terres
trial vegetation would not have been possible to exist 
because the nutrition of higher plants is based on the capil
larity of water.

The adsorption of colloids depends on the surface proper
ties of the solvent and they determine the specific features 
of th^ absorption of substances from the environment and 
their distribution on the surfaces of colloidal systems. 
Hence, the surface properties of water for intracellular ex
change are of a great importance.

The fact that water is practically incompressible allows 
organisms to inhabit its great depths. Due to the optical 
characteristics of water, in the first place to its transparency, 
photosynthesis may occur at considerable depths.

The water found on the Earth is a solution of salts and 
gases, particularly carbon dioxide. The American physiolo
gist L. Henderson u believes that carbon dioxide is the se
cond best substance after water as regards “suitability for 
life”. Its high solubility makes it as mobile as water is. 
As this gas is present in the atmosphere no chemical proces
ses can extract it from the waters of the ocean. An important 
property of carbon dioxide, is its ability to maintain in solu
tion with its neutral salts a constant concentration of hydro
gen ions—-a so-called buffer effect. Carbon dioxide also plays 
an important part in maintaining the close to neutral reac
tion occurring in blood. Its importance as a source of carbon, 
which is indispensable for the nutrition of green plants and 
some chemotrophic bacteria, is widely known.

Henderson, L.J. The Fitness of the Environment. McMillan, 
New York, 1913. Republished (1959) by Smith Gloucester, Mass.
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Analyzing the properties of carbon, hydrogen and oxygen, 
which constitute the bulk of the substance of different or
ganisms, Henderson found some inherent properties that make 
them extremely suitable both for the formation of organic 
matter and in the construction of substances that comprise 
the inorganic environment in which an organism lives and- 
develops.

The properties of the ocean which facilitated the develop
ment of life also merit consideration. The temperature of 
the oceans, the composition of mineral salts, the concentra
tion of hydrogen ions, the osmotic pressure and a mobility 
which ensures transfer of nutrients and their great variety 
are all relatively constant.

The ocean is thus an ideal medium providing constant 
physical conditions for life and rich and varied sources of 
food. You can hardly expect that life would originate under 
variable conditions.

And so the cosmic, planetary and chemical conditions 
which formed on the Earth about 4-4.5 thousand million 
years ago provided a more specialized way of evolution— 
the development of matter towards life.

The evolution of stellar matter resulted in the formation 
of the necessary chemical elements, while the formation 
of the solar system ensured for one of its planets—the 
Earth—conditions facilitating further increase in the 
complexity of matter. The planetary cycle of water, atmos
phere, mineral elements caused by the radiation of a cent
ral heavenly body and the tectonic activity of the young 
planet is the most important condition. The planetary abio- 
genetic circulation of substances caused interaction between 
mineral elements; without this the evolution of matter to
wards life would have been impossible. However, it is readily 
apparent that indispensable as this circulation is, it is ina
dequate. It may occur in one form or another on planets 
lacking the other conditions necessary for the development 
of life, for instance where the temperature is rather high. 
The factors responsible for it, such as irregular heating by 
a central heavenly body, tectonic activity, and the disrup
tive influence of neighbouring planets and satellites, as 
manifested in the form of tides, operate to a certain extent 
everywhere.
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From Heavy Atoms to Molecules of the Organic Substance

The basic work by A.I. Oparin1} and his successors enab
les us to outline a plausible picture of the origin of life on 
Earth. The process began with the synthesis of the simplest 
compounds. The Earth of that period had a rocky surface, 
a lifeless ocean and an atmosphere containing water vapour, 
methane, ammonia and hydrogen. Only powerful thunder 
discharges and intensive volcanic eruptions broke the silence.

The absence of an ozone layer, which was formed only 
after the appearance of oxygen, allowed short-wave ultra
violet radiation to reach freely the surface of the Earth. The 
energy of the ultraviolet radiation, the thunder discharges 
and the high temperatures in the areas of increased volcanic 
activity were effective in forming the simplest organic com
pounds from the substances constituting the atmosphere,
i. e., from methane (CH4), ammonia (NH3), hydrogen 
(H2) and water vapour (H20). There came into existence mo
lecules of sugars, amirio acids, nitrogenous bases and other 
simple carbon-containing molecules from which one compris
ed proteins, nucleic acids, fats and the energy-carrying 
substances such as, for example, adenosine triphosphate 
(ATP) (Fig. 1).

As far back as 1861, A.M. Butlerov, an eminent Russian 
scientist who was one of the founders of organic chemistry, 
discovered that a sugary substance is formed in a solution 
of formalin in limewater when put to stand in a warm place. 
Six molecules of formaldehyde (CH20) combine to form sugar 
molecules of a more complex structure.

Another Russian scientist A.N. Bakh showed that still 
more complex substances were formed in an aqueous solu
tion of formalin and potassium cyanide. These substances 
could provide a nutrient medium for microorganisms.

Investigations of the conditions under which the simplest 
organic compounds were formed from the gases of the pri
mordial atmosphere were stepped up after S.L. Miller, 
th^ American researcher, made his well-known experiment 
in 1953 and showed that amino acids were formed if a spark 
discharge was passed through a mixture of methane, ammo-

1} Oparin, A.I. The Origin of Life on the Earth. Moscow, The Pub
lishing House of the Academy of Sciences of the USSR, 1957.
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Sun ultraviolet
radiation

Atmospheric
gases

Amino acids, heterocyclic bases, carbohydrates; 
fa tty  acids, etc.

Fig. 1. Formation of the simplest organic compounds out of gases of 
primordial atmosphere under the influence of the Sun ultraviolet 
radiation

nia, hydrogen and water. After continuing this procedure for 
a week, certain amino acids were formed: glycine, alanine, 
sarcosine, p-alanine, a-aminobutyric acid, N-methylalanine, 
asparaginic acid, and glutamic acid. The yield of glycine 
was 2.1 per cent relative to the initial amount of carbon. 
Some other compounds were formed during the reaction, 
particularly such organic acids as formic, acetic, propionic, 
glycolic, and lactic.

Miller’s research was followed by investigations by other 
authors who obtained similar results with different sources 
of energy: heating, bombardment with P-particles, and expo
sure to ultraviolet rays. A very interesting fact was observed: 
different sources of free energy resulted in the formation 
of similar substances. The specific feature of the syntheses 
depended on the nature of the reacting material and not on 
that of the energy source.

The experimental conditions complied with those which 
in remote times led to the formation of chemical elements 
in the interior of the stars:

1. There existed a mass of relatively simple components— 
gases of the primitive atmosphere.

2. The components were able to interact with one another 
and form more complex compounds.
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3. There existed a source of free energy essential for the 
syntheses to proceed.

4. The fact that the newly-formed substances were intro
duced into water prevented decomposition into their origi
nal components under the influence of the same energy 
sources.

5. The formation of solution of various organic sub
stances allowed these substances to react with one another, 
i. e., created preconditions for further evolution.

As stated earlier, widely differing energy sources give 
similar results. This does not mean, however, that they are 
equally efficient. Among the forms of energy studied, pre
ference should be given to the Sun ultraviolet radiation 
(spectral area from 2000 to 2500 A). There are two reasons 
supporting this conclusion. First, by employing ultraviolet 
radiation with the above wavelengths one can synthesize 
under experimental conditions practically all the simple 
compounds whose interaction might allow the further evo
lution of organic compounds. Second, this is the most cons
tant and a sufficiently powerful source of free energy.

S.L. Miller and G.S. Yuri1* have given the following data 
on the forms of free energy on our planet (in cal/cm2 per year):

TABLE 2
Free-energy Sources on the Contemporary Earth

Sources Energy, cal/(ema) (yr)

Total radiation from Sun 260.000
Ultraviolet light

< 2500 A 570
< 2000 A 85
< 1500 A 3.5

Electric discharges 4
Cosmic rays 0.0015
Radioactivity (to 1.0 km depth) 0.8
Volcanos ' 0.13

** Cited from: Kenyon, D.H. and Steinman, G. Biochemical Pre
destination. McGraw-Hill Book Company, New York, London, 1969.

3*
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At present ultraviolet radiation shorter than 2900 A 
is absorbed by the ozone layer of the upper atmosphere and, 
consequently, only long-wave ultraviolet light can reach 
the Earth surface. In prebiological times there was no ozone 
screen, as oxygen was absent and ultraviolet rays of 2400- 
2900 A penetrated to the surface of the Earth. The American 
scientist C. Sagan1* calculated that the organic substance 
formed as a result of the energy of these rays was capable 
of creating a solution of one per cent concentration in the 
waters of the ocean. He also came to the conclusion that 
there may exist, as a result of the chemical bond energy of 
the adenosine triphosphate formed under the effect of UV 
radiation, as many as 20 000 bacteria in a water column 
of 1 cm2 cross section.

In other words, the Sun ultraviolet radiation, which is a 
constant source of free energy, is able to provide, at the 
first stages of earthly life, a source for powerful synthetic 
processes.

The beginning of the evolution of chemical compounds 
towards life dates from the moment when the Earth crust 
was formed, i.e. about 4.5 thousand millions of years ago. 
Consequently, the period of biochemical evolution, which 
ultimately led to the formation of the protoorganisms, is more 
than one thousand million years long.

The Origin of the Biotic Circulation

Thus, it took one thousand million years to form primary 
organisms from lifeless things such as sugars, amino acids, 
nitrogenous bases, poly phosphoric compounds, organic 
acids and other relatively elementary substances. There is a 
diversity of opinions about how all this took place. It was 
once generally believed that the emergence of a primordial 
living molecule from non-living components was a purely 
fortuitous process. Interaction of the most elementary 
substances suddenly and quite by chance resulted in the 
formation of a living molecule capable of propagation.

X) Sagan, C. Primordial Ultraviolet Synthesis of Nucleoside 
Phosphates. In: The Origins of Prebiological Systems and of Their 
Molecular Matrices. Academic Press, New York and London, 1965.
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This hypothesis was suggested by H. Muller1}, the well- 
known American geneticist, and Nobel Prize winner. In his 
opinion, the elementary unit of heredity—gene—consti
tutes at the same time the basis of life. Life emerged in the 
form of a gene by way of a chance combination of atomic 
groups and molecules occurred in the waters of the primor
dial ocean. Some researchers have attempted to calculate 
the probability of the chance emergence of a complex mo
lecule from simple compounds. For example, the ribonucleic 
acid of the tobacco mosaic virus comprises 6000 nucleotides 
arranged in a particular way. The German biochemist 
Schramm 2) has calculated the probability that this compound 
originated as a result of a chance combination of nucleotides. 
The result was 1 : 10 2000. The mass of the Universe amounts 
to a value of the order of 1080 protons. Schramm writes that 
one can hardly expect the formation of one molecule of the 
ribonucleic acid of the tobacco mosaic virus to occur in the 
course of the 109 years assigned for the synthesis of the most 
primitive organism, even if the entire Cosmos were a react
ing mixture of nucleotides. At the present level of know
ledge of the biochemical structure of life’s substratum, the 
hypothesis of the sudden, chance origin of a living molecule 
from non-living components cannot be regarded any longer 
as a serious one.

Ever since the first work by A.I. Oparin in 1924 on the 
origin of life on Earth, a different view has become more 
popular. Oparin postulated that life emerged as a result of 
interaction between the simplest organic compounds which 
gradually united to form more and more intricate complexes. 
This process was favoured by the high content of simple or
ganic compounds in the surface waters of the young Earth, 
the concentration being as high as one (C. Sagan) to 10 per 
cent (T. Yuri), the rather diverse conditions (different depths, 
small and large water basins, areas of high volcanic activi-

1} Muller, H.J. Gene as the Basis of Life. Proc. Int. Congr. Plant  
Sciences, I, 1929.

Schramm, G. Synthesis of Nucleosides and Polynucleotides with 
Melaphosphate Enters. In: The Origins of Prebiological Systems and 
Their Molecular Matrices. Proceedings of a Conference Conducted at 
Wakulla Springs. Florida. Ed. Sidney W. Fox. Academic Press, New 
York and London, 1965.
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ty, etc.), and a constant influx of free energy, in particular 
that of the Sun ultraviolet radiation. The cycle of atmosphere, 
water, and mineral elements dissolved in water, which may 
be called a large abiotic cycle, provided the basis for a cycle 
of organic matter. Whilst an abiotic cycle was based on the 
transfer of mineral elements from one place to another or a 
change in the aggregate state (cycle of water), the cycle of 
organic substances was determined by processes of synthesis 
and breakdown: the more stable compounds were preserved, 
whereas those of poor stability were broken down and pro
vided a kind of “food” for the relatively stable compounds. 
However, the relationship between the processes of the syn
thesis and decay of organic compounds depended not only on 
their chemical nature but also on the position of the organic 
substance in the cycle.

In day-time, processes of decay prevailed in the surface 
layers of water reservoirs under the effect of intense ultra
violet radiation: synthesis predominated at a lower depth 
and, during the night hours, in the surface layers too. As 
the water reservoirs became enriched with organic matter 
absorbing the Sun ultraviolet radiation synthesis began to 
occur at lesser depths and the probability of new, more com
plex organic compounds being formed from relatively ele
mentary substances increased.

One of the main feature of life is a cycle of organic matter 
based on the constant interaction of the opposite processes 
of synthesis and degradation. This cycle, apparently, began 
very early. It provided a basis for the formation of all the 
features which distinguish living organisms from non-liv
ing matter.

The conclusion that the synthesis and degradation of 
organic matter play a decisive role in the formation of life 
is not immediately apparent, and its substantiation merits 
special attention. Let us suppose that processes of degrada
tion hold complete sway. It goes without saying that this 
would preclude the formation of the complex from the simple. 
Yet the contrary supposition inevitably brings us to a dead 
end. If only processes of synthesis are occurring, all organic 
substances would, over the course of thousands of millions 
of years, change into some complex aggregates in which no 
metabolism occurs. This would not be life, but crystalliza-
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tion. It is appropriate to remember here the words of Claude 
Bernard, the prominent French physiologist who wrote in 
1870: “Life can exist only where synthesis and organic degra
dation occur together.”1}

If life began developing as a unity of the processes of the 
synthesis and degradation of organic matter, it is unlikely 
to have been associated, at the initial stages, with indivi
dual organisms. To word it differently, life came into being 
before living organisms did. A strong supporter of this 
view was the prominent English biologist John Bernal * 2) 
who made a significant contribution to theories concerning 
the early stages of the development of life on our planet.

Thus life had inevitably to pass, at the initial period of 
its development, through a stage of interaction between 
the simplest organic compounds containing energy store due 
to the Sun ultraviolet radiation.

Many suggestions have been made concerning the sources 
of energy supporting primary biosynthesis. It used to be 
thought at the end of the last and the beginning of the pre
sent century that green plant organisms were first to come 
into being. These were able to build the substances of their 
bodies from the simplest mineral elements using the energy 
of visible sunlight. A study of photosynthesis has shown 
that the mechanism responsible for storing light energy 
with the help of chlorophyll (photoautotrophy) is a rather 
complicated process and there are no grounds to suppose 
that it was able to emerge at once. The hypothesis on the pri
mary nature of photoautotrophy has been now generally 
abandoned and the same is true of that concerning the primary 
nature of chemosynthetic bacteria, a process in which cer
tain microorganisms use for biosynthesis the oxidation 
energy of some inorganic compounds, for example, compounds 
of iron, sulphur, etc. The metabolism of such microorganisms 
is rather specialized. According to A.I. Oparin, they are more 
likely to be the product of long evolution rather than its 
instigators.

Bernard, C. De la Physiologie generate, 1872. Paris, Hachette 
et co.

2) John Bernal. The Origin of Life. Weidenfeld and Nicolson, 
London, 1967.
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The concept of the primary nature of autotrophic organisms 
using solar energy (photoautotrophs) or energy from the 
oxidation of chemical compounds (chemoautotrophs) for bio
synthesis was replaced by the theory suggested and developed 
by A.I. Oparin (1957, 1960) which proposed the primariness 
of heterotrophic forms of metabolism: “The initial source of 
energy and building materials for primary living beings 
was provided by abiogenically formed organic substances 
drawn from the environment of the organism .” 1} Autotrophic 
organisms, in particular photosynthetic ones, developed 
somewhat later: “They acquired the ability for photosynthe
sis much later; it can be considered an additional superstruc
ture upon the former heterotrophic mechanism of metabo
lism.” * 2)

According to Oparin, this hypothesis can be supported 
by the following arguments:

1. “the metabolism of present-day organisms is based 
upon systems specially adapted to utilize ready-made orga
nic substances as the initial building-material for bio-syn
thesis and as a direct source of energy indispensable for 
life... .

2. ... the prevailing majority of biological species in
habiting our planet cannot exist unless they are continually 
supplied with organic substances ready for use”.

3. Heterotrophic organisms do not exhibit “any traces or 
rudimentary remains of the specific ferment complexes and 
combinations of reactions necessary for an autotrophic form 
of life”.3)

All three arguments disprove convincingly the old pri
mitive concepts on the primary nature of an autotrophic mode 
of existence. However, they do not refute another possi
bility which is not discussed in Oparin’s theory. This pos- 
sibilty was first suggested by V.I. Vernadsky. In 1931 he 
wrote about the geochemical functions of the biosphere: 
“... among millions of species there is not a single one that

U Oparin, A.I. Life, I ts  Nature, Origin and Development. Moscow, 
The Publishing House of the Academy of Sciences of the USSR, 1960, 
p. 97.

2> Ibid., p. 256.
3> Oparin, A.I. Life, I ts  N ature, Origin and Development. Moscow, 

The Publishing House the Academy of Sciences of the USSR, 1960, 
p. 256 (in Russian).
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would be able to perform alone all the geochemical functions of 
life which have existed in the biosphere from the very begin
ning. This means that the primordial morphological composi
tion of living nature in the biosphere must have been comp
lex.” Therefore “during the development of the biosphere, life 
must have appeared for the first time not in the form of some 
single organism but as a combination which answered the 
geochemical functions of life.”* 2) Similar ideas were sugges
ted by the jvell-known Soviet biologist B.P. Tokin: “since 
from the very beginning of the organic world, there occurred 
not only interaction of emergent living matter with its 
progenitor, the inorganic world, but also interaction bet
ween living substances, beings.”3)

Another prominent Soviet scientist N.P. Naumov wrote 
abotit the early stages of life’s development: “It is to be sup
posed that even at that time life could exist as a circula
tion of substances in nature. Such a cycle can only occur in 
communities which unite qualitatively different organisms. 
It is in these communities where the inner contradictions can 
arise which serve as the motive force of evolution.”4)

If the first stage of life’s formation is manifested by 
a specific circulation of organic compounds, heterotrophic 
and autotrophic methods of exchange cannot be contrasted. 
The thing is that as long as the atmosphere contained met
hane, ammonia, carbon monoxide, water vapour, and hydro
gen sulfide, organic compounds were formed under the 
effect of the Sun ultraviolet radiation. These photochemical 
reactions of synthesis are without doubt incipient photo
autotrophy. The products of photochemical reactions, when 
introduced into water reservoirs, began reacting with the 
organic matter which had already accumulated there. The 
energy stored due to photochemical reactions was used for 
new syntheses. This can be regarded as an incipient 
heterotrophic form of exchange.

X) Vernadsky, V.I. Bio geochemical Essays. 1940, p. 205 (in Russian).
2> Ibid., p. 207.
3) Tokin, B.P. Problems of Biology. Tashkent. 1935, p. 43 (in 

Russian).
-4) Naumov, N.P. Interaction between Individual Organisms and 

Populations of Animals with Their Environment. Collected works: 
Philosophical Problems of Biology. Moscow. Moscow University Pub
lishers, 1956, p. 308 (in Russian).
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Ultraviolet radiation which first provided an energy 
source for the synthesis of the simplest organic molecules 
began, at the subsequent stages, to accelerate the synthe
sis of more complex compounds in the surface layers of the 
reservoirs. Investigations conducted by numerous authors, 
particularly those made in our laboratory, showed that the 
ultraviolet radiation of the spectral area of 2400-2900 A 
was, in large doses, a factor causing breakdown of the cell; 
yet when present in minute doses, it stimulates vital acti
vity. The considerable variety in the depth of reservoirs 
and the transparency of water facilitated the preconditions 
of selection of optimal doses of ultraviolet radiation. It is 
quite evident that protoorganisms which were able to 
utilize the Sun ultraviolet radiation for syntheses had an 
advantage over their rivals that were nourished on the or
ganic substances arising abiogenically. Autotrophy, a pe
culiar feature of the entire circulation of organic matter, 
has become a property of individual classes of protoorganisms.

The idea that ultraviolet radiation is utilized in primi
tive biosyntheses was put forward by the present author in 
1960 for evolutionary reasons. According to this point of 
view, the photosynthesis of green plants, accomplished with 
the help of chlorophyll, evolved much later as a development 
allowing biosynthesis to use photons of visible light posses
sing less energy compared with ultraviolet light. A more 
detailed study of the problem showed that the idea had been 
advanced before. In particular, ten years earlier, the Ameri
can scientist H.P. Blum1) wrote that photosynthesis of a 
special kind, quite different from the present-day one, may 
have arisen very early, if not at the beginning, in the course 
of organic evolution. He warned against a too limited un
derstanding of the primary photosynthesis. The well-known 
American investigator of photosynthesis H. Gaffron 2) sugges
ted that the primary photochemical mechanisms involved 
in the successive formation and accumulation of organic

Blum, H.P. Time's Arrow and Evolution. Princeton, New Jer
sey, 1951.

2> Gaffron, H. Evolution of Photosynthesis. Transactions of the 
Fifth International Congress of Biochemistry. Moscow, The Publishing 
House of the Academy of Sciences of the USSR, 1962.
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substances, and subsequently of living organisms too, first 
used photons of ultraviolet light. As the solar spectrum in 
the ultraviolet area changed due to the appearance of ozone, 
they gradually adjusted themselves so that they could use 
smaller quanta of light (whose energy decreased from 9 to 
1.3 electron-volts per molecule); but they required, in this 
case, greater quantities. Gaffron subdivided the evolution 
of the organisms’ energetics into five successiye stages. Du
ring the first two stages, the Sun ultraviolet radiation was 
the main source of energy. According to these ideas, primary 
autotrophy is a continuation of the photo-chemical reactions 
of abiogenic photosynthesis as they provided the basis for 
its development. A prominent researcher of photosynthesis 
D. Arnon1)has suggested a wider definition of photosynthe
sis than the generally accepted one: “Photosynthesis can be 
defined as the synthesis of cellular substances due to chemi
cal energy obtained in photochemical reactions. This de
finition involves the possibility of the assimilation of C 027 
but is not restricted to it.” Such a definition of photosynthe
sis also includes primitive photosynthesis involving the use 
of ultraviolet photons.

Life seems to have developed from the very beginning 
as a cycle of substances based on the interaction of photo
autotrophy and heterotrophy. The cosmic energy of solar 
radiation was always the principal energy source of life. 
Consequently, the emergence of life is the establishment of 
the mechanisms of a cyclic process involving the use of pho
tons of light. “A number of elements get out of the large 
global abiogenic cycle of substances on the globe and are cons
tantly dragged into a new smaller biological cycle. They 
leave the trajectory of the large cycle for a long time, or for 
good, and rotate via a constantly widening spiral in one di
rection, the small, biological circulation. Life develops on the 
lifeless background of geological processes.”2)

Arnon, D. Photosynthetic Phosphorylation and the Standard 
Pattern of Photosynthesis. Transactions of the Fifth International 
Congress, of Biochemistry. Moscow, The Publishing House of the Aca
demy of Sciences of the USSR, 1962.

2> Williams, V.R. Soil Science. Collected works, vol. 6, Moscow, 
1949-1952, p. 71.
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Prebiologlcal System s— Coacervates

A significant stage in the development of life is the for
mation of individual organisms showing considerable variety 
in metabolism. Several hypotheses have been advanced 
which clarify our understanding of this stage. The most 
elaborate hypothesis concerned with the coacervate stage 
in the development of life has been advanced by A.I. Oparin.

The organic substances which tended to accumulate in 
reservoirs seem to have been irregularly distributed in the 
water to form individual concentrations or specific aggre
gations of molecules. Apart from these concentrations, there 
probably emerged complexes of colloidal particles—coacer
vates (coacervatus means in Latin accumulated, collected). 
Coacervates form in a solution of hydrophilic colloids of 
both organic and inorganic origin (Fig. 2). They may, for 
example, arise from complex salts of cobalt, sodium sili
cate and aqua ammonia, in a solution of acetylcellulose, 
in chloroform or benzene, or when solutions of various pro
teins are mixed. Such a solution separates out normally in
to two layers: a layer rich in colloidal particles and a li
quid layer containing practically no colloids. In some cases, 
the coacervate takes the form of individual drops which 
can be seen with the help of a microscope. The main condi
tion governing the formation of coacervates is that two or 
more high-molecular substances of opposite charge should 
be present in the solution at the same time. In the waters of 
the primordial ocean this condition was fulfilled. Thus coa
cervates are expected to have formed there.

Coacervation has following remarkable properties:
First, coacervates are systems of particles separated from 

the surrounding medium.
Second, the concentration of high-molecular compounds 

in coacervate particles may be very high. In the case of coa
cervation in a one per cent-gelatin solution, more than 90 
per cent of this substance is included in the composition of 
the coacervate. At lower concentrations, the distinction bet
ween coacervate and equilibrium liquid is still more sig
nificant.

Third, the state of the coacervate depends not only on 
the specific features of its constituent substances but also
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Fig. 2. Three-component coacer- 
vate composed of gelatin, gum 
arabic and ribonucleonic acid. 
320 x  magnification

on environmental conditions. Hydrogen ions, uni- and 
bivalent cations, and temperature by affecting the mutual 
solubility of the substances comprising the coacervate 
determine the degree of its stability.

Fourth, the formation of a surface film at the interface 
between the coacervate and equilibrium liquid, causes 
the coacervate to adsorb various organic and non-organic 
substances from the solution. Adsorption in the equilibrium 
liquid has been observed even with a concentration of sub
stances equal to 0.001 per cent. It is interesting that this 
adsorption is of a selective nature, i.e. some substances are 
drawn from the surrounding liquid whilst others are not.

In the waters of the primordial ocean there was a great 
number of organic compounds in solution which were abb 
to form complex coacervates.

As the process of coacervation occurred not in water but 
in a solution of various inorganic and organic substances, 
the coacervates adsorbed these substances. This resulted in 
a change in the internal structure of the coacervate and led 
either to its breakdown or an accumulation of the substances, 
i.e., to growth and, ultimately, a change in its chemical 
composition, which contributed to the stability of the coa
cervate. The fate of the drop depended on which of the pro
cesses proved dominant. As the coacervates and the medium 
containing the drops of coacervates differed very little in 
composition, relative stability was not difficult to maintain.
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At the'first stages the things which did not differ greatly 
in composition from the medium, persisted and grew, whilst 
those which differed greatly were destroyed. A.I. Oparin 
noted that in a mass of coacervate drops those which proved 
most stable under the given conditions should be selected.

Having attained certain dimensions, a “mother” coacer
vate drop had to divide into “daughter” drops. Drops which 
differed little in structure from their mother continued 
growing whereas coacervates exhibiting great differences 
disintegrated. Similarity with the medium first ensured exis
tence of the coacervate drop, and relative continuity in the 
organization of “mother” and “daughter” drops allowed the 
structure of the “mother” to be preserved after breakdown 
into “daughter” drops. Of course, only the coacervate drops 
which entered into elementary exchange with their medium 
could retain their structure almost unchanged.

The natural selection of coacervate drops occurred over 
many millions of years. Countless numbers of drops were 
destroyed as they dissolved in the waters of the primordial 
ocean and only a very small proportion of drops survived. 
However, the survival of each drop signified an improvement 
in its organization. The selective adsorption, characteris
tic of the simplest coacervates, gradually changed to meta
bolism of a specific form. The drops developed the capacity 
to adsorb only those substances which contributed to their 
stability. As the ability for selective adsorption improved, so 
the difference between the structure of the drop and the sur
rounding medium increased.

In the process of prolonged natural selection only those 
drops survived which retained their structural features af
ter breakdown into “daughter” drops, i.e. the drops which 
acquired the ability for self-reproduction.

The beginning of self-reproduction marks the end of the 
life prehistory. The coacervate drop became an elementary 
living organism.

The following five conditions of progressive evolution 
were fulfilled at this stage:

1. There existed a mass of relatively simple components: 
molecules of sugars, amino acids, nitrogenous bases, fatty 
acids and other organic substances as well as other mineral 
compounds.
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2. These components interacted to form more complica
ted complexes, in particular coacervates.

3. There existed free energy in the form of the Sun ultra
violet radiation which was an active agent in the synthesis 
of more complex compounds from relatively simple ones and, 
evidently, accelerated synthetic processes in protoorganisms.

4. Due to the heterogeneity of the medium in which forma
tion occurred, the resultant complexes were under certain 
conditions, broken down, whereas other conditions were 
optimum for reactions of synthesis. The interplay of proces
ses of synthesis and destruction resulted in a circulation of 
organic matter which was an incipient stage of the future 
biotic circulation.

5. The acquired ability for self-reproduction offered 
brilliant prospects for progressive evolution.

Even at this stage of the evolution of matter, the develo
ping new and more complex material could only exist 
together with its relatively simple forerunner by using its 
energy and substance. The scattered information contained 
in the chemical elements as well as in the entire environment 
was integrated in the form of a new organization. The ele
mentary forms of selection provided a basis for the ability 
for self-reproduction.

John von Neumann, the well-known American mathema
tician, attempted to solve the problem of self-reproduction 
of automata and obtained some results of particular inte
rest. The ability for self-reproduction proved to be a func
tion of the complexity of organization: “... ‘complication’ 
on its lower levels is probably degenerative, that is, that 
every automation that can produce other automata will 
only be able to produce less complicated ones. There is, how
ever, a certain minimum level where this degenerative 
characteristic ceases to be universal. At this point automata 
which can reproduce themselves, or even construct their 
entities, become possible. This fact that complication, as 
well as organization, below a certain minimum level is de
generative, and beyond that level can become self-suppor
ting and even increasing, will clearly play an important role 
in any future theory of the subject.”1*

J) John von Neumann. The General and Logical Theory of Automata, 
Cerebral Mechanisms in Behaviour. John Wiley, New York, 1951.
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Thus the theory of automata proposes that self-reproduc
tion can essentially result from increase in the complexity of 
organization. A natural, though a rather long way by which 
it will be achieved is concentration of the properties (infor
mation) dispersed in Space in a small volume.

Norbert Wiener, the founder of cybernetics, considers 
another important property peculiar to the process of con
centration of information: "... the ability of a system to 
absorb information from outside starts growing rather 
slowly compared with the amount of built-in information. 
And it is not until the built-in information has passed a 
certain point that the capacity of the machine for absorbing 
further information begins to catch up with what is intrin
sic in its structure. But in a certain degree of complexity, the 
acquired information not only can equal that which has been 
originally placed in the machine but can vastly exceed it; 
...the really imposing and active phenomena of life and 
learning only begin after'an organism has reached a certain 
critical degree of complexity.” v In other words, the ability 
to integrate information is proportional to the degree of the 
system complexity and in terms of cosmic development 
represents thus an inevitable self-accelerating process.

Self-reproduction of living beings is therefore a function 
of their specifically organized complexity.

X) Wiener, N. A Machine Wiser than Its Maker. Electronics, 1953, 
vol. 26, No. 6, pp. 373, 374.



Chapter 2

DEVELOPMENT OF LIFE FROM THE ARCHEAN ERA 

TO THE PRESENT

Life creates in its environment 
the conditions favouring its ex
istence.

V.I. Vernadsky

Initial Steps of Life

In South Africa, in Central Transvaal, in the black shales 
of the Fig-Tree formation, there were discovered some re
mains which seemed to belong to rather fully shaped liv
ing organisms. Their age is 3100 million years. A thorough 
microscopic investigation revealed bacteria-like formations 
of 0.56x0.24 p in size which were given by E.S. Barghoorn 
the name of Eobacterium isolation. In more recent deposits 
of South Rodesia (2700 million years), algal limestones have 
been found. They are doubtlessly of a biogenic origin. 
In still more recent deposits (1900 million years) near 
Lake Ontario, S.A. Tyler2> and E. S. Barghoorn* 3* found, in 
the layers of the black shale, well preserved remains of fos
sil plants including a wide range of forms, extending from 
highly diverse single-celled to the branched or unbranched 
filamentous forms. Some of them resembled the contempora
ry blue-green algae of the Oscillatoria genus and Chroococcus 
genus; there occurred also organisms which shared many of 
their structural features with the armoured flagellates— 
Dinoflagellata. Discovered in the same site was a specific 
star-like organism which was called “a morning star” (Eoast- 
rion). It consists of a central body from which numerous

Vernadsky, V J. The Chemical Structure of the Earth Biosphere 
and Its  Environment. Moscow, Nauka Publishers, 1965, p. 54.

2> Tyler, S.A., Barghoorn,. E.S. Occurrence of Structurally Pre
served Plants in Precambrian Rocks of Canadian Shield Science, 119, 
606 (1954). \

3) Barghoorn, E.S., Tyler, S. A. Microorganisms from the Gun- 
flint Chert. Science, 147 (3658), 563 (1965).

1 - 3 8 3



50 EVOLUTION OF BIOSPHERE

thin rays diverge radially. In the shale, a great abundancy 
of bacteria-like formations has been found.

Still younger (900 million—10? years old) are the fossils 
found in South Australia in the area of the Ediacara Hills. 
The staff of the Adelaide University who have studied the 
samples of the fossils discovered imprints of thirteen spe
cies of medusiform coelenterates (Coelenterata), four species 
of organisms similar to the alcyonarian polyps, and several 
species of worms and animals which exhibited no resem
blance with the forms of organisms from the more recent 
deposi ts.

In other words, about one milliard years ago, life on 
our planet showed a considerably great variety. Remains of 
the single-celled and multicellular animals and plants pro
vide evidence that the biotic circulation existed even at 
that remote time. Active photosynthesis produced great mas
ses of oxygen which was transformed to ozone in the upper 
layers of the atmosphere. The osone layer barred the way of 
the ultra-violet radiation preventing its penetration to the 
Earth surface. Thereby the preconditions were formed for 
organisms to leave the water and populate the land. This 
happened approximately four hundred million years ago.

Life Accumulates Strength

With the emergence of living beings, evolution of life 
has become thrillingly dramatic. Chemical processes of 
synthesis and destruction brought about qualitatively new 
phenomena: life and death. The circulation of organic matter 
based on the formation and decomposition of carbon com
pounds was superseded by the biotic circulation based on the 
birth and death of individuals, development of new species 
and extinction of old ones. The mighty factor of organic 
evolution, natural selection, began operating in full mea
sure. Two examples will be sufficient to understand the im
portance of this factor. The number of individuals of a spe
cies is relatively constant for some not very long period of 
time: the number of new individuals who survive and of 
those who die is approximately the same. If one takes into 
account that many organisms produce tens, hundreds, thou
sands and millions of seeds and roe corns, one can realize
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the scale of death; a pair of individuals survives while tens, 
hundreds, thousands and millions perish.

Here is the other example: according to the approximate 
estimates of the American paleontologist G. Simpson x\  
some five hundred million species of organisms have existed 
during the whole history of the Earth. The species which 
populate our planet today number about two millions. 
The perfection of the present organic world is the result 
of extinction of hundreds of millions of species. In the 
course of organic evolution, not only individual species but 
also broader classification groups such as genera, families, 
orders and even entire classes of living creatures were 
wiped out.

The history of life on the Earth is subdivided into six 
eras and a number of systems, or periods of immense total 
duration equal to 3500 million years. The duration of each 
subdivision, according to A.G. Vologdin* 2), is presented 
in Table 3.

As mentioned above, the first remains of life have been 
discovered in the Earth layers formed about three thousand 
million years ago, i.e. in the Early Archean and Late 
Catarchean Eras. Among the fossils belonging to the Ar
chean are the remains of the filamentous algae and the bac
teria-like organisms uncovered in the area of Lake Ontario. 
A rapid development of life began in the Proterozoic (Fig. 3). 
In the Sayan system, single-celled algae and bacteria still 
dominated, while in the Yenisei system, first multicellu
lar algae already occurred ocassionally. In other words, some 
1200 million years ago, the biotic circulaton accomplis
hed previously by the single-celled organisms increased in 
complexity due to the emergence of the multicellular forms. 
The system of life grew still more complex in the Sinian. 
Multicellular blue-green algae continued their development, 
green and red algae and first multicellular animals ap
peared: medusae, sponges, worms and a peculiar group of ani
mals—Archaeocytes, which were later doomed to complete 
extinction (Fig. 4).

Simpson, G.G. How Many Species? Evolution, 6, 3, p. 342, 1952.
2) Vologdin, A.G. The Earth and Life. Moscow, The Publishing 

House of the Academy of Sciences of the USSR, 1963.
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TABLE 3

Periods of Development of Life on the Earth

Era System Absolute age, 
million years ago

Cenozoic Anthropogen 0-1
Neogene 1-25
Paleogene 25-70

Mesozoic Cretaceous 70-140
Jurassic 140-185
Triassic 185-225

Paleozoic Permian 225-270
Carboniferous 270-320
Devonian 320-400
Silurian 400-420
Ordovician 420-480
Cambrian 480-570

Proterozoic Sinii 570-1200
Yenisei 1200-1500
Sayan 1500-1900

Archean Not subdivided 1900-2700

Catarchean Not subdivided 2700-3500

The emergence of multicellular organisms is a tremendous
ly important stage in the development of the organic world. 
Ever since the theoretical works of the well-known German 
scientist Ernst Heckel (1872), a propagandist of the Dar
winian views, many different hypotheses have been advanced 
in an attempt to outline the probable ways by which this 
qualitatively new form of organization of living matter had 
come into existence. Analvses of the more important hypot
heses concerning the uiigin cl multicellular organisms and 
the current state of the problem are offered in a highly sti-
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Fig. 4. Archaeocytes—the first animal-builders of the marine calcic 
reefs

mulative book by A.V. Ivanov 1] and in an article by S.S. 
Shulman2). Most authors believe that the colony was an 
indispensible station on the road to multicellularity. Colo
nies arise readily as a result of incomplete asexual repro
duction with the cells not going apart after cleavage. The 
colonies of this kind are comparatively often formed by the 
colourless and green flagellata, infusorians, heliozoans, green, 
blue-green algae and diatom algae.

Initially, the cells comprising the colony were identi
cal. Soon specialization must have taken place among these 
cells, each becoming responsible for some particular activi
ty: some cells specialized for absorption of food, some for 
locomotion, some for reproduction.

Attempts of transition to multicellularity have been 
observed in various, quite unrelated groups of animals. The

Ivanov, A.V. Origin of Multicellular A nim als . Leningrad, 
.Nauka Publishers, 196&.

2) Sliulman, S.S. The Problem of the Origin of Metazoa. In: 
Teoreticheskie voprosy sistematiki i filogenii zhivotnykli, Leningrad, 
Nauka Publishers, 1973.
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Fig. 5. Proterospongia—a primitive multicellular organism

ways by which it was attained are widely different. In other 
words, transition to this new form of organization of living 
matter is by no means the result of some lucky chance but 
an issue of numerous and different trials which gave rise to 
a wide range of forms: the simplest single-celled and the 
simplest multicellular organisms, colonial organisms, and 
typical multicellular organisms, or Metazoa.

Considering the question why it happened that only one 
or a few lines have had progressive development, Shulman 
suggests that it was the active mode of life that was res
ponsible for it. All other attempts were futile as they were 
made either by sessile forms, for example the sponges, co
lonial infusoria or the parasitic forms such as the parasites 
of fishes—sporozoans, armoured flagellata.

Following 1.1. Mechnikov, A.V. Ivanov suggests that 
colourless flagellata are the most probable ancestors of Me
tazoa. A transitional colonial form resembled the colonial 
organism Proterospongia, the simplest sponge rarely encoun
tered now (Fig. 5).

Plants, like animals, seem to have made more than one 
attempt to cross the line dividing the single-celled forms
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from the multicellular ones. In their case, it was the sessile 
mode of life, in contrast to that of the animals, that contri
buted to success. The motile forms of the Volvox type 
proved unsuitable in this respect. The progress toward multi - 
cellularity has been comparatively slow in the red, brown 
and green algae, mosses and fungi. It was only higher vas
cular plants which invaded land that proved most promi
sing and developed the greatest variety of forms.

The problem of the origin of multicellularity is interes
ting in many respects. First, it gives a graphic illustration 
of the tendency observed since the earliest stages of the evo
lution of matter: the multitude of attempts and the compara
tively few successes. As a result, the new level of integration 
did not supplant but just supplemented the previous one, 
thus increasing the complexity of the whole system of life. 
Second, the multicellular organisms immediately ceased 
competing with their single-celled forefathers. This ensured 
favourable opportunities for formbuilding. Third, the compe
tition attained a new level with the multicellular organisms 
acting as rivals. This squeezed the disorderly variations in
to the framework of adaptive formbuilding. In other words, 
having attained another organizational level, the multi
cellular forms thus ceased a direct competition with the 
single-celled organisms and became able to develop relati
vely independently of them. Fourth, the emergence of lar
ger forms of a higher organization set up a kind of impassib
le barrier before the relatively less developed single-celled 
organisms. This prevented further attempts by the single- 
celled forms to embark on the course which had been taken 
a little earlier by their elder brothers.

As the origin of the first living beings barred all new at
tempts of spontaneous generation of life (Darwin), the 
emergence of multicellular forms came as an obstacle to 
further evolution of single-celled forms in the same direc
tion. According to 1.1. Schmalhausen “... organisms which 
occupy the lowest units in the food chains have normally no 
prospects of divergent evolution in a given habitat” 1*.

1} Schmalhausen, 1.1. Factors of Evolution. Moscow-Lcningrad. 
The Publishing House of the Academy of Sciences of the USSR, 1946, 
p. 354 (in Russian).
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It should be emphasized that emergence of multicellularity 
complied with all the conditions which were observed be
fore in all those cases where more complicated things origi
nated from the relatively simpler ones:

(1) there was a mass of relatively simple components: 
single-celled organisms;

(2) there was, in principle, a possibility to form new as
sociations on the basis of not fully completed asexual repro
duction;

(3) with the organisms feeding either heterotrophically 
or by way of photosynthesis, there was no free-energy shor
tage;

(4) the fact that the multicellular forms ceased compe
ting with the single-celled ones, in other words, the transi
tion to the next organizational level ensured for the first 
multicellular forms relative independence in development 
and the necessary stability;

(5) owing to their ability of reproduction and variation, 
they not only preserved but, apparently, even increased 
their ability to participate in further evolutionary transfor
mations. To give but one reason this happened because a 
more complicated organization opened up new potentia
lities for variation.

During the Proterozoic, organisms accomplished a tre
mendous geochemical work. The major result of this work 
was the accumulation in the atmosphere of photosyntheti- 
cal oxygen and attraction of vast masses of carbon dioxide. 
The latter fact is witnessed by huge deposits of calcium car
bonate preserved since that time. Formed with the partici
pation of algae, the deposits sometimes attained many hun
dred metres in thickness.

Thus in the Proterozoic one peculiar feature of life, its 
ability to produce irreversible changes in the living envi
ronment, manifested itself for the first time. The biosphere 
which is a combination of all the living organisms and all 
the mineral elements involved in the sphere of life spread 
all over the globe and its evolution determined the character 
and direction of the evolution of individual species. Suffice 
it to cite one example. Free oxygen is one of the strongest 
poisons for the organisms unadapted to it. Its accumulation 
in the atmosphere as a result of photosynthesis brought
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about a drastic change. Many kinds of living creatures 
could not survive this revolutionary turn in the development 
of the biosphere. Some species, however, have derived be
nefit from the new factor. These are progenitors of all the 
present-day aerobic organisms.

Life arose in the form of biotic circulation based on the 
interaction of synthesizers and destructors. This circulation, 
however, is very peculiar. Deriving means of existence from 
its environment, life changes this environment and, conse
quently, has to undergo alterations itself. Due to the very 
nature of life, the biotic circulation cannot be completely 
closed. The subsequent turns of the circulation do not coin
cide with the previous ones. The biotic circulation appears 
to be a spiral—the great spiral of life.

Let us retrace the further course of life’s development. 
The Paleozoic era, i.e., the era of ancient life, begins with 
the Cambrian Period which owes its name to the place where 
rocks with the first fossil remains of life were identified. 
Dry land was a desert at that time. It was only here and 
there on the near-shore stones that the films of algae and 
cushions of plants related to lichens occurred. In the sea, 
blue-green and red algae developed abundantly as well as 
the representatives of nearly all kinds of animals (Fig. 6). 
The dominant animals of the time were trilobites, a group 
of arthropods, or jointed-limb animals. These included the 
species crawling over the seabed and others which swam; 
most had eyes. They ranged in size from very small to those 
almost half a metre long. Fossils of more than a thousand 
different species of trilobites have been found. It was a thri
ving group, indeed! As regards echinoderms, there were 
starfish and sea cucumber (holothurians). Molusks, bivalve 
brachiopods made their appearance. Among the species 
which continued developing were sea worms and coelente- 
rates: medusas and hydroid polyps. The Archaeocytes (who 
had inner skeletons built out of calcareous shape) formed 
the barrier and shore reefs.

Life continued developing in the Ordovician Period, named 
after the Celtic tribe that had once inhabited that part of 
the country where rocks of this age with fossil remains were 
first recognized. The echinoderms, such as sea lilies, star
fishes and sea cucumbers were added to the list of sea ur-



Fig. 6. Marine life at the floor of the Cambrian Sea. In the foreground 
you can see several kinds of trilobites, worms, starfishes; in the back
ground there are algae, sponges, swimming crustaceans, jellyfishes
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Fig. 7. Lingula—a present descendant 
of the Ordovician brachiopods

chins. The brachiopods became more numerous. It is of 
interest that one of the representatives of this group, Lin
gula still exists today and is found in waters of the Pacific 
Ocean (Fig. 7). There emerged the cephalopods and moss 
animalcules (bryozoa).

The most significant event in the Ordovician was the de
velopment of armour fishes which were the first represen
tatives of vertebrates.

The major event of the Silurian system which takes its 
name from another Celtic tribe was the conquering of the 
land by plants. These included Psilophytes, specific sporo- 
plants which slightly resemble club-mosses. The branching 
stems of Psilophytes were covered with bristly leaves or 
remained bare (Fig. 8).

The first land plants are unlikely to have invaded the 
barren surface of dry land with no soil. In all probability, 
something different took place. It is known that in the mid
dle and at the end of the Silurian, there were two phases of 
the Caledonian tectonic cycle associated with a regression 
of the sea, i.e. by exposure of extensive areas of shallow 
seas. Organic remains of sea organisms transformed by the 
activity of microorganisms were obviously the primary
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Fig. 8. This is how Psilophytes, 
one of the earliest terrestrial 
plants, looked like

“soil” which allowed the emergence, first, of the amphibious, 
and later, the terrestrial forms of plants.

The invasion of dry land by plants is a true revolution 
in the evolution of the biosphere which opened up new oppor
tunities for its development.

Some researchers are inclined to associate radical changes 
in the development of life with tremendous geological 
events, with the periods of intensive orogenesis, volcanism, 
regressions and transgressions of the sea, with the movement 
of continents and even with the explosion of supernova stars. 
Darwinian evolutionists are reluctant to accept this view. 
Vast transformations in the organic world, particularly ex
tinction of some groups and emergence and progressive 
development of others cause, in the first place, processes 
occurring in the biosphere itself. They are an inevitable 
result of its spiral-like development. This view, however, 
does not deny the ability of the biosphere to make use of 
favourable circumstances brought about by the activity of 
the abiogenic factors. Higher content of carbon dioxide du
ring the periods of intensive volcanism is sure to directly 
affect photosynthesis. Similarly, regression of the sea and
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Fig. 9. Sea predators—the three-metre sea-scorpions at the floor of 
the Silurian Sea

the resulting exposure of the floors of shallow seas provides 
very favourable conditions for the formation, in the course 
of millions of years, of terrestrial vegetation. Moreover, 
essential changes in the environment which cause death 
of many forms ensure non-competitive development of other 
forms, thus facilitating morphogenesis.

But let us return to the population of the Silurian seas. 
At this time large sea-scorpiops (eurypterids) that attained 
three metres in length came into being and, apparently, 
began to rival with brachiopods and trilobites. Otherwise 
the Silurian fauna differed little from the fauna of the 
Ordovician Period (Fig. 9).

In the following, Devonian system, which owed its name 
to Devonshire county in the South of England, the land 
plants continued developing. The plants that came into 
being were the ferns, horsetails, seed ferns. Fishes showed a 
vigorous development (Fig. 10). The ancestors of all mo
dern fishes evolved. Spread of land plants and formation 
of soil created preconditions for the conquest of dry land by 
the animals. The fossils of this period include occasionally 
scorpions, ticks, insects. They were followed by the terrest-
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rial vertebrates which fed on arthropods. In his work, dea
ling with the problem of the origin of terrestrial verte
brates, 1.1. Schmalhausen x> arrived at the conclusion that the 
main factor responsible for the invasion of land by fishes 
were specific environmental conditions in the fresh-water 
basins which were warmed through and had very little oxy
gen. In these conditions, the ability to breathe air proved 
an advantage. The prime organs of air-breathing were the 
skin rich in blood vessels and the swimming bladder. In the 
contemporary fishes, the swimming bladder functions as the 
hydrostatic organ. There was presumably no need for such an 
organ for inhabitants of shallow fresh-water basins. The 
fishes swallowed up air when they needed oxygen. Some of 
the air stayed in the mouth and gullet, held up by a sack
like projection in the back of the pharynx. The swimming 
bladder, judging from its development in the sturgeons,

X) Schmalhausen, 1.1. Origin of Terrestrial Vertebrates. Moscow, 
Nauka Publishers, 1964.
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Fig. 11. The crossopterygians (a, b) and lungfishes (c):
a, c—fossils of the Late Devonian; b —the present Latimeria—a “living fossil’

developed from these folds in the mucous of the fore-intes
tine membrane.

Later, the swimming bladder was modified to form lungs. 
The newly gained ability to breathe the air, still possessed 
today by the contemporary lungfishes was the main precon
dition which allowed the fish-like ancestors of the terrestrial 
vertebrates to invade the land. The structure of limbs in 
the skeletons of these now extinct fishes shows that the ani
mals could use them for crawling out onto the shore (Fig. 11). 
Schmalhausen makes a conclusion: “Not only could the cros
sopterygians come out of the water to stay in the atmosphere, 
but they actually crawled out onto the shore.” J)

The Carboniferous Period, which owed its name to the 
thick deposits of coal (carbon* is the Greek word for coal), 
was a period when plant life was varied and profuse. The 
alternating advances and retreats of the sea facilitated l)

l) Schmalhausen, 1.1. Origin of Terrestrial Vertebrates. Moscow, 
Nauka Publishers, 1964, p. 56.
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the burying of vast masses of plants, on the one hand, and 
on the other, gave rise to swamps which were overgrown with 
vegetation. The arborescent club mosses measured up to 30 m 
in length, huge horsetails and ferns appeared, and conifers 
began to develop. Extensive development of plant life 
during the Carboniferous Period might have been promoted 
by the volcanic activity. The atmosphere was enriched in 
carbon dioxide and some mineral elements which were drawn 
in the biotic circulation; this led to the extension and quali
tative transformation of the cycle.

In the Carboniferous seas a variety of foraminiferas— 
single-celled shelled animals developed. Brachiopods, va
rious kinds of echinoderms, corals and mollusks were nume
rous. Trilobites and armoured fishes began to disappear.

The most important event in the development of the Car
boniferous biosphere was that one line of the amphibians 
became able to breed out of water. So first reptiles came 
into being. The insects, which had become more varied, be
gan invading the air. The dragon-flies, beetles, cockroaches 
contributed to the great variety of the terrestrial fauna.

The next system got its name from the Russian town of 
Perm not far from which the fossils of the following, Permian 
Period were first identified. The age was one of violent 
climatic contrasts and intensive tectonic activity. In the 
north, deserts were formed; in the southern hemisphere, gla
ciers expanded. Unstable climate and relief, and the fact 
that many volcanoes became active affected the development 
of life.

The composition of fauna suffered many changes: Trilobites 
died out, a new group of cephalopod mollusks, ammonites 
(Fig. 12) began developing. New forms of reptiles evolved, 
among them a few types with mammal-like features.

Reconstruction of flora and fauna due to the changes in 
abiotic conditions took place more than once during the 
Earth history. So long as the environment is relatively cons
tant, all the existing species are more or less equally adapted 
to it. This is an inevitable result of natural selection which 
disposes of animals and plants that have failed to adapt 
themselves. When the environment changes essentially, the 
existing species prove qualitatively different in their reac
tions to the new factors.

5--*383
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Fig. 12. This is how an 
ammonite looked like. On 
its shell, you can see the 
goose barnacle (Crusta
ceans)

I.O. Solntseva working in our laboratory showed that 
pink yeasts (Rhodotorula) greatly differed in their sensiti
vity to the shortwave ultraviolet radiation in the dose of 
6.5. X l04 erg/mm. Resistance to this factor of the most 
stable kinds is almost three hundred times that in the most 
sensitive ones. Studied in the same laboratory was also re
sistance of various organisms to phenol. According to the 
findings of V.A. Alexeev who studied sensitivity to phenol 
in 64 species of insects and arachnids, the larvae of caddish- 
flies and mayflies was most sensitive. The maximum endu
rable concentration (MEC) of phenol is from 0.5 to 50 mg/1. 
The beetles, their larvae and ticks proved most resistant, 
their MEC being up to 2000 mg/1. The most sensitive to 
phenol among the algae, according to the data of V.Ya. Kos- 
tyaev, are green algae (Protococcales). Their growth was in
hibited with the 50-55 mg/1 phenol concentration, and fully 
stopped with 550-600 mg/1; reproduction of diatoms was 
checked with 200 and that of the blue-green algae—with 
100 mg/1. This evidence indicates that each change in the 
environment brings forth a reappraisal of values; some spe
cies die out while others survive and develop.

The Permian is the last system of the Paleozoic Era. 
The Triassic marks the beginning of the era of “middle life”' 
or Mesozoic. It got its name from the number “three” (tri-), 
to distinguish its three-layer system from the underlying 
Permian deposits in the rocks of the southern Germany.

The Triassic Period is marked by a relative tranquillity
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of the Earth crust. It was not until the middle of the period 
that an extensive regression of the sea took place, which was 
followed, at the end of the period, by a transgression. On land, 
gymnosperms were developing. In the sea, the ancient bra- 
chiopods gave place to mollusks, ammonites were common, 
belemnites, decapods came into existence. Among the ver
tebrates, true bony fishes have evolved. The fundamental 
feature of the Triassic is a literal explosion of the reptilian 
population. It was the time of dinosaurs, tuataras, turtles, 
ancient crocodiles, ichthyosaurs and other representatives 
of the reptiles. The first true mammals had probably appea
red by the end of the period.

The next period, the Jurassic, named after the Jura 
mountains in France and Switzerland, is noted for a relati
vely mild climate. Along with the ferns and conifers, sago 
and ginkgoaceae trees resembling palms angiospermous 
plants began developing. “The seed, a perfect organ of emb
ryonic life, which ensures development of embryos and their 
protection from the destructive climatic effects allowed the 
plants to spread over vast expanses of the continents, instead 
of restricting themselves to the sea coasts; making the 
best of short periods of humidity during different seasons they 
managed to develop extensive overgrowths. In the places 
where plants are abundant they contribute to the dampness 
of the air evaporating water at the expense of subsoil wa
ters and enable representatives of ancient types to huddle 
together in their shade while before they could live inde
pendently only near the water,” x) wrote Academician V.L. 
Komarov. In the waters, the diatoms appeared. This period 
is also marked by the spread and development of insects. 
The reptiles continued developing, among which some dino
saurs were of enormous size: Diplodocus measured 30 m in 
length, Stegosaurus more than 6 m in height (Figs 13-15). 
During the Jurassic, the reptiles came to inhabit all the 
niches of life: the sea, the land, the air. The first birds came 
into existence, mammals continued developing.

The Cretaceous system got its name from the Latin word 
creta meaning chalk. It is characterized by thick chalk de-

Komarov, V.L. Origin of Plants. Moscow-Leningrad, The Pub
lishing House of the Academy of Sciences of the USSR, 1943, p. 175.

5*
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Fig. 13. Giant Diplodocus of the Jurassic

Fig. 14. Jurassic ichthyosaurs
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Fig. 15. Flying reptiles of the Jurassic: featherless Pterodactylus and 
feathered Acrhaeopteryx, the ancestor of birds

posits formed of calcareous algae, bits of shells of mollusks 
and globigerina. The angiospermous plants grew very like 
the present forms in appearance; the importance of conifers 
diminished. In the seas bony fishes, sharks and sea reptiles— 
ichthyosaurs were flourishing. The end of the Cretaceous 
Period saw radical transformations in the organic world. 
Many groups of higher plants (in the first place Bennettita- 
les) died out, ammonites and the main groups of belemnites 
disappeared from the seas. On land, dinosaurs, Pholidota 
and many aquatic reptiles became extinct. The most drama
tic event of the Cretaceous Period is extinction of dinosaurs,
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the phenomenon which gave rise to much speculation about 
its reasons. A brief list of these hypotheses includes compe
tition with mammals, destruction of dinosaurs’ eggs by mam
mals, senile degeneration of the entire group, epidemics, 
increased radiation, etc. However a more reliable explana
tion may be obtained from studying the developmental 
history of life as associated with geological history. The 
Jurassic with its relatively mild and warm climate was the 
time most favourable for dinosaurs. At that time abundant 
water favoured the development of vegetation providing 
thus much and steadily available fodder for herbivorous 
dinosaurs. They were able to feed on land vegetation which 
was impossible at earlier periods, they also came to live to 
seas and fresh-water reservoirs and adapted themselves to 
the air.

The Cretaceous Period brought about different environ
mental conditions: the upheaval of mountains resulted in 
the drying of continents and their climate became more con
tinental, the vegetative cover which is the major prerequi
site for life of Pholidota changed. Extinction of herbivorous 
species was followed by extinction of predatory dinosaurs. 
All this brought an end to domination of these organisms, 
which had been very diverse in form and sizes and reigned 
for 150 million years. The scene of life began to be inhabited 
by mammals which had previously stayed in the backstage. 
There came into being pouched Prototheria and placentate 
animals, in particular insect-eating mammals. In short, 
another periodical change in the biosphere set in.

The Cenozoic (modern life) era starts with the Tertiary 
system (Paleogene, Neogene). The geological changes 
brought the structure of the Earth surface close to its 
present appearance. The Pacific ring of volcanoes took shape. 
In the seas, the cetaceans and the pinnipeds, large bivalve 
mollusks appeared, but the belemnites became extinct. De
ciduous trees continued developing on the land, cereals ca
me into being. New forms of mammals evolved (Figs.16,17).

The Quaternary system, or Anthropogen, is characterized 
by two.important events: extensive glaciation of the entire 
Northern hemisphere and the evolution of man. The Quater
nary Period was the time when the present structure of the 
biosphere took shape (Fig. 18).
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Fig. 16. Mammals of the Early Triapsic. Giant Dinocerata and 
ancestors of the predators of Oxyaena (on the right)

Fig. 17. Giant Indricotheria, the largest mammals, measuring as high 
as 5 m up to its withers, and two alloceropses (ancestors of the present 
rhinoceros) seen running away
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First Results

The above brief survey of the development of life on the 
Earth allows the following indisputable conclusions to be 
made:

1. Beginning with the ancient times and till the present 
days, the biosphere complexity has been increasing. This 
was manifested by two principal processes: the variety of 
living creatures increased and their organization became more 
complicated.

2. The biomass of living organisms increased over geolo
gical periods. Life, which originated in the sea, invaded the 
land, the air, and penetrated into the ocean depths. This 
resulted in “everywhereness of life”, to quote the words used 
by V.I. Vernadsky for the description of the present situa
tion.

3. Adaptation of organisms to new conditions is a multi
stage and long process. The living matter makes an “expert” 
use of various geological events which facilitate adaptation 
to new conditions such as, for example, regression and trans
gression of the sea, volcanism, etc.

4. The vital activity of organisms caused radical changes 
in the non-living part of the biosphere. There appeared in 
the atmosphere free oxygen and an ozone screen was formed; 
carbon dioxide extracted from the air and water has been 
preserved in the coal deposits and deposits of calcium car
bonate. Some substances were excluded from the biotic 
circulation for long periods thereby leaving the active bio
sphere. These were vast deposits of limestone, coal, iron, 
manganese and copper ores, accumulations of selitra, etc.

5. Liberating carbon dioxide, organic and mineral acids, 
living creatures took an active part in the weathering of 
rocks, contributed to the levelling of the Earth surface 
and migration of chemical elements.

6. Life developed exceedingly uneven. Blue-green algae 
and bacteria have, apparently, been living on the Earth 
since the Archean times; morphologically, they have changed 
comparatively little, whereas other lines of life have 
suffered extraordinary changes which induced complex be
havioural reactions—the development of higher nervous 
activity.
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It is current notion that the present biosphere consists 
of groups of organisms of widely diverse evolutionary ages, 
ranging from the most ancient to the progressively younger 
ones. The former include the species which have hardly 
suffered any changes since the Cambrian, for example Lin
gula among the brachiopods; the latter involve the groups 
which began their intensive development in the Cenozoic 
(mammals, birds); one of the youngest species is man.

This view is inaccurate, to say the least. All the present 
organisms are of the same age; they began developing some 
time in the Archean Era. It is not the evolutionary age 
but the evolution of the representatives of various groups 
of organisms proceeded at different rates. Mammals, for 
example, began their triumphant procession in the early 
Tertiary only after “accumulating strength while waiting 
for favourable conditions” for many millions of years. The 
concept of evolutionary age has thus only one meaning: 
the age of the turning point in the development of the group. 
The turning points do not depend on the age of the group 
but are determined by the peculiar features of the biosphere 
development, the position of the species in the cyclic struc
ture of life.

7. While some forms of organisms emerged and developed, 
others died out because they were for some reason unable 
to continue the relay race of life.

8. The biosphere as a whole is exceedingly stable. The 
history of the Earth saw very important processes which 
changed radically the face of the planet: hot climate gave 
place to cold one; this was accompanied by glaciation of 
vast spaces; tectonic processes led to essential mountain
building and caused changes in the composition of the atmos
phere; transgressions of the sea flooded vast expanses of land 
while regressions exposed the sea floor; the continental drift 
now joined together mainlands and water basins, now sepa
rated them again. The activity of organisms led to radical 
changes in the composition of the atmosphere. In spite of 
all these global changes, life on the Earth persisted and 
developed. It was the specific features of life such as irre
gular development, great variety and “everywhereness”, 
which progressed as the geological epochs followed one 
another, and made life comparable to a buffer. It turns out
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that life itself creates conditions favouring its further 
development.

The general conclusion suggested by the analysis of the 
development of earthly life is as follows: the total vital 
activity of the developing species of organisms determines 
the peculiar features of the biosphere which, in turn, deter
mines survival conditions and direction . of evolutionary 
transformations of individual species.

In brief, the direction of evolutionary transformations 
of individual species is a function of their position in the 
evolving biosphere.

Life as a Form of Differentiation of Matter

It is advisable to look at the process of life formation from 
a standpoint beyond biology.

Many theorists supporting the idea of evolution have 
resolved to the assumption that there are different levels 
of development. According to this view, matter during its 
progressive development, rises, as it were, to new, higher 
stages. Hidrogen changes to helium; helium gives rise to 
heavier elements on whose basis very simple organic sub
stances form, etc. Matter changes from simple forms to comp
lex ones as though climbing up the rungs of a ladder.

This widely popular notion which is seemingly quite 
obvious proves one-sided. The essence of progressive develop
ment is not only the increase in complexity oi,the successive 
stages of development but also better organization of the 
whole of the evolving material. The thing is that the new 
stages of development are not only more complex than the 
preceding ones but that they come to make more involved 
the whole structure of the developing matter. New, more 
complex things which have originated within the old ones, 
as a rule, are able to exist only together with them. From 
this viewpoint the cosmic evolution of matter seems a pro
cess of progressive differentiation of forms of its movement 
where new forms constantly emerge alongside the old ones 
(Fig. 19).

The process of differentiation has two essential features 
which become manifest during the development of life. 
First, each step toward greater differentiation requires
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VII
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Fig. 19. Two concepts of the process of development:
a —the concept according to which matter changes from simple forms (I) to com
plex ones (VII) as though climbing up the rungs of a ladder; b —the concept accor
ding to which development is a progressing differentiation. The subsequent forms 
of differentiation are within the preceding ones as being a result of integration of 
dispersed information of the former levels. The picture shows two directions of 
differentiation I-VII and I-V

Fig. 20. Evolutionary “landscape”.
Matter develops in different directions. Shown in the picture are four directions 
of evolution a ,  b,  c,  d; the cone d has proceeded further in the development
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vast amounts of less differentiated matter and, second, 
“when new forms of the movement of matter emerge in the 
process of development, the rate of their development sharp
ly increases..., the above mentioned acceleration concent
rates on an ever more restricted area of the developing 
matter” x).

Development of the subsequent refinements and differen
tiations may lead to reconstruction of some of the preceding 
stages and even to their elimination. But it is by no means 
a usual case. Normally, higher forms coexist with the lower 
ones which provide both the basis and environment and some
times even the source for new transformations.

Each newly emerging form of organization of matter exhi
bits leading factors of development typical exclusively of 
this form. They prepare transition to the subsequent stage 
of differentiation. The transition is accomplished by uniting 
structural elements of the given stage as a result of genera
tion of new forms of links between them which utilize energy 
of the preceding levels.

Thus, the basic organizational principle of evolution is 
differentiaton of the forms of matter’s movement based on 
the progressing integration of ever new structural elements 
which constantly emerge in the course of its differentiation. 
Concentration of dispersed information is taking place.

The model of evolution of matter towards life can be 
visualized as a cone (Fig. 20) with a broad base of the cosmic 
factors subject to relatively slow transformations. The 
swiftly tapering top of the cone would represent the organic 
evolution with its inherent accelerating processes of develop
ment.

X) Oparin, A.I. Life and Its Correlation with Other Forms of 
Motion of Matter. Collected works: Essence of Life, Moscow, Nauka 
Publishers, 1964, p. 11 (in Russian).



Chapter 3

THE PRESENT BIOSPHERE

The biosphere is the environment 
in which we live, it is the “nature” 
that surrounds us and to which 
we refer in common parlance.

V.I. Vernadsky l>

The Number of Species

The present biosphere is a complex multicomponent 
system. According to V.I. Vernadsky, the biosphere is the 
external envelope of the Earth which is inhabited by living 
things. It comprises all the living organisms of our globe and 
the elements of inorganic nature providing the medium for 
their habitat. For instance, oxygen, which is a product of 
photosynthesis of green plants belongs to the biosphere; 
the mineral substances involved in the vital process, such 
as carbon, hydrogen, nitrogen, phosphorus, sulphur, potas
sium, calcium and many others are also constituent parts 
of the biosphere. The biosphere also includes animals’ bur
rows and lairs and birds’ nests, the products of organisms’ 
activities, for instance, deposits of lime and of fuel minerals; 
water is another important component of the biosphere. The 
upper boundary of the biosphere reaches the ozone screen, 
the lower one goes down to sea sediments on the ocean 
floor and the deep-lying deposits of a biogene origin in the 
bowels of the Earth. In other words, the entire natural en
vironment is the biosphere.

The biosphere comprises essentially three elements: the 
total amount of living organisms, referred to by the out
standing Soviet zoologist V.N. Beklemishev as the live co
ver of the planet, mineral substances involved in the biotic 
circulation, and the products of organisms’ activities which 
have got out of circulation, at least for a while.

Vernadsky, V.I. The Chemical Structure of the Earth Biosphere 
and Its  Environment. Moscow, Nauka Publishers, 1965, p. 54.
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Different scholars have tried to estimate the number of 
species inhabiting our planet. These estimations cannot be 
taken as very accurate, especially as there is a difference 
of opinions among various authors. However, all the authors 
agree about the order of values and about the relative mag
nitudes of the numbers of species belonging to different 
groups. Below are given the data on the diversity of species 
of organic world borrowed from the book of the American 
geneticist Th. Dobzhansky

Animals Number 
of Species

Arthropods 815 000
including insects 750 000

Mollusks 88 000
Vertebrates 35 600

including fishes 18 000
birds 8 600
reptiles and amphibians 5 500
mammals 3 500

Worms and related groups 25 000
Protozoa 15 000
Coelenterata and Ctenophores 10 000
Sponges 5 000
Echinoderms 4 700
Tunicates and Prochordates 1700

Total
Plants

1000 000

Angiosperms 150 000
Fungi 70 000
Mosses 15 000
Algae 14 000
Fem-like 10 000
Liverworts 6000
Gymnosperms 500

Total 265 500
Total Organisms 1265 500

These data allow some interesting conclusions to be drawn- 
The number of animal species (1 million) is almost four times 
that of the plant species (265 500). This means, therefore, 
that the animal kingdom of our planet is more versatile than 
the vegetable kingdom. The leading place among animals

Dobzhansky, Th. Genetics and the Origin of Species. New York,
1953.
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belongs to the arthropods, in particular to insects accounting 
for 75 per cent of the total number of species. The entomolo
gists state that in addition to the insects already known there 
exist on our planet about as many insect species which have 
not yet been described and consequently the share of this 
group is much greater than 75 per cent. The arthropods are 
followed by mollusks. The vertebrates occupy the third place 
and account for less than 4 per cent of the total number 
of species. As to mammals, they make up only one-tenth of 
the vertebrates. More than 50 per cent of the vertebrate spe
cies are fishes. From this it follows that while the arthro
pods produced mostly land species (insects), for the verteb
rates it was water that favoured the greatest variety.

Among the plants over 50 per cent of all species (150 000) 
are angiosperms, which are a most recent group of higher 
plants; they are mainly land plants. The algae take the 
fourth place being less numerous than fungi and mosses. The 
algae species account for less than one-tenth of the angios
perms.

The proportions of the numbers of different species in 
the present biosphere are by no means due to a mere chance. 
Ch. Darwin was the first to notice the dependence between 
the development of the angiosperms and the insects. The 
great variety of their species is the result of interrelated evo
lution. Among the mammals, the rodents are leaders in the 
variety of species (2500 species of the 3500 total mammal 
species) who depend on the angiosperms for their development, 
on the one hand, and are constantly preyed upon by preda
tory mammals and birds, on the other.

Estimation of the species of water- and land-dwelling 
organisms yielded interesting results. The land animals 
account for 93 per cent of the total number of species, and 
the aquatic life animals only for 7 per cent. The same rela
tion holds for plants: 92 per cent and 8 per cent respectively. 
These data show that land offers greater possibilities for the 
development of species than water does. The spread of life 
to land opened up wide prospects for progressive evolution.

Not all the animals took to dry land. In addition to the 
ancestors of the vertebrates, only the representatives of 
six classes belonging essentially to three types of animals 
adapted themselves to the life on the land. 60 classes belong-



PRESENT BIOSPHERE 81

ing to 18 types remained in the sea. In spite of this the ter
restrial species have outnumbered the marine forms. The evo
lution of the land life proceeded at a manifestly greater 

.pace.

Biomass

The biosphere will look differently, if one considers the 
weight characteristics, i.e. the biomass and products of 
organic matter, instead of the number of species. Table 4 
shows the data on the biomass of the Earth organisms given 
in tons of dry weight1*.

TABLE 4
Biomass of the Earth Organisms

Dry
matter

Continents Ocean

Green
plants

Animals
and micro- Total 
organisms

Green
plants

Animals
and micro- Total 
organisms

Sura
total

Tons, 2.4 0.02 2.42 0.0002 0.003 0.0032 2.4232
x io 12

Percen 99.2 0 .8  100 6.3 93.7 100
tage

When considering the data given in the Table one at once 
takes notice of the curious proportions between the vegetable 
biomass and the biomass of animals and microorganisms as 
occurring on the continents and in the world ocean.

Plants predominate on the continents while animals 
prevail in the oceans. The biomass of marine organisms is 
surprisingly little, a mere 0.13 per cent of the total biomass 
of the planet living organisms, although the ocean surface 
covers as much as 70.2 per cent of the Earth areas. The re
cent investigations done by the Soviet scientists (L.A. Zen
kevich, V.G. Bogorov, I.O. Koblents-Mishke) disproved a

Bazilevich, N. I., Rodin, L. E., Rozov, N. N. What is the 
Weight of the Living Matter of the Planet? Priroda, 1971, No. 1, 
pp. 46-53 (in Russian).

0^383
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widely held point that life is more profuse in the ocean 
waters than on dry land.

The data given in the Table affords another important 
conclusion: the living matter of the planet is concentrated 
mainly in the green land plants and, consequently, they go
vern its present character. The organisms incapable of 
photosynthesis make up less than one per cent. It would be 
interesting to compare these figures with the above values 
showing the diversity of species and plants. The number 
of plant species makes up somewhat less than 21 per cent of 
the total number of organisms described. The animal spe
cies comprise 79 per cent which accounts for less than one 
per cent of the Earth biomass.

The reader may have already drawn a conclusion from 
this comparison. We have here a further example illustra
ting one of the fundamental regularities governing the his
tory of development: a higher level of differentiation is 
concentrated in a volume smaller than that of a less diffe
rentiated level.

The Biotic Circulation

The basis of the biosphere is the cycle of organic matter 
which involves all the organisms inhabiting it: this is re
ferred to as the biotic circulation.

The regularities of the biotic circulation ensure the long 
existence and development of life. The Earth is a body of a 
finite size which cannot yield unlimited resources of avai
lable mineral elements necessary for life to perform its func
tions. If these resources were only consumed, life would 
cease sooner or later. “The only way to impart to a limited 
quantity the property of being infinite is to make it rotate 
within the closed curve,” writes V.R. Williams1*. It is this 
method that life has adopted. “Green plants produce orga
nic matter, non-green ones destroy it. The mineral compounds 
obtained from decay of organic matter are used by green 
plants to build new organic matter; this process goes on and 
on.”* 2)

Williams, V.R. Agronomy. Collected Works, vol. 10, Moscow, 
1952, p. 11 (in Russian).

2> Ibid.
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From this point of view, each species of organisms is a 
link in the biotic cycle. Using the bodies or the decay pro
ducts of some organisms as a means o* subsistence, it must 
release to the environment materials which can be used by 
the others. Especially important are the microorganisms. 
By mineralizing the organic remains of animals and plants, 
the microorganisms convert them into “universal currency”: 
the mineral salts and the simplest organic compounds of 
the type, of biogeneous stimulators, which are then used 
again by green plants in the synthesis of new organic matter.

One of the main paradoxes of life is that its continuity 
is ensured by the processes of decay and destruction. Com
plex organic compounds are destroyed, energy is released, a 
store of information peculiar to animals with complex 
organisation gets lost. As a result of the activities of dest
ructors, mainly of microorganisms, any form of life inva
riably gets involved in the biotic circulation. This is why 
they contribute to the natural self-regulation of the bio
sphere. The two properties of microorganisms which allow 
them to play this important part are their ready adaptabi
lity to different conditions and their ability to derive car
bon and energy from most diverse substrata. The higher 
organisms do not possess such capacity and can, consequ
ently, exi^t only as a kind of superstructure based on the 
firm foundation provided by the single-celled organisms 
(Fig. 21).

According to V.R. Williams, the solar energy causes 
two cycles of matter to occur on the Earth: a great, or geo
logical circulation, which is most evidently, manifested 
in the water circulation and in the circulation of the atmo
sphere, and a small, or biological circulation. The smaller 
biological circulation develops on the basis of the great 
abiotic circulation using the properties of the latter.

The Earth surface receives from the Sun annually about 
5 x l0 20 kcal of radiant energy. About half of this energy 
is expended on the evaporation of water which sets in mo
tion the greater cycle; organic matter requires a mere 0.1-0.2 
per cent of energy for its production. Thus the amount of 
energy involved in the biotic circulation is negligible as 
compared with the energy expended on the abiotic proces
ses.

6*
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Fig. 21. Basis of life is the 
interaction between the 
single-celled producers and 
destructors.
Inner white half-ring shows pro
ducers, dark half-ring represents 
destructors. A superstructure of 
multicellular organisms develops 
on the ring of the single-celled 
systems: plants ( P I ) ,  herbivorous 
animals ( H ) ,  carnivorous animals 
of various orders (Xtt X it X3), 
parasites and saprophytes of the 
single-celled and viruses permeate 
all the stages of the superstruc
ture (P,S); shown with a dotted 
line is the relationship between 
saprophytes and parasites of di
fferent levels.
Organisms belonging to all the 
levels are tied together in the 
dark half-ring of the single-celled 
destructors

Negligible as it is the energy involved in the biotic 
circulation performs rather significant work. A.A. Ni
chiporovich1* has estimated that the total annual produc
tion of photosynthesis of the Earth is 4 6 x l0 9 t of 
organic carbon. According to the classical equation of pho
tosynthesis C 02-fH 20==(CH20 ) + 0 2, the production of 
46x10® t of organic carbon requires that 170x10® t of 
carbon dioxide should be bound with 68x10® t of water to 
form 115x10® t of dry organic matter and liberate 123x 
XlO® t of oxygen. In this process, 4 4 x 1 0 16 kcal of active 
solar radiation is absorbed by the photosynthesis.

However, photosynthesis involves not only carbon dio
xide and water. This process consumes annually about 6 xlO® 
t of nitrogen, about 2x10® t of phosphorus and other ele
ments of mineral nutrition (potassium, calcium, magnesium, 
sulphur, iron, copper, manganese, molybdenum, cobalt, 
etc.). Much water is expended on evaporation. Consequ
ently, the actual circulation of the organic matter differs, 
of course, from the approximate scheme calculated from 
the photosynthesis equation. The scheme drawn up by 
A.A. Nichiporovich in 1967 (Fig. 22) allows a more accu
rate idea of the synthesis and destruction of organic matter 
on our planet.

Nichiporovich, A.A. Photosynthesis. Priroda, 1967, No. 6 
(in Russian).
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N.I. Bazilevich, L.E. Rodin and N.N. Rozov give the 
data on the primary production of organic matter calculated 
from a detailed study of the annual production of the plant 
biomass in different heat zones and bioclimatic regions. 
This calculation shows that the total primary production 
of the Earth is 232.5 milliard t of dry organic matter per 
year, which is twice as much as the figure given by Ni- 
chiporovich. The part of the continents is 172.5 milliard t, 
the part of the world ocean 60 milliard t, i.e., 25.8 per cent. 
The phytomass of the ocean is one-hundredth of the total 
phytomass but it creates 25.8 per cent of the Earth primary 
production. This means that the mechanism of production 
of organic matter in the ocean is more efficient than that 
on the land. This is accounted for by quite different stru-

Photosynthesis and cycle 
o f carbon-containing m aterials (x\Q*t)
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Fig. 22. Photosynthesis and circulation of organic materials in a 
thousand millions (10®) t (after A.A. Nichiporovich):
/—weight of carbon as a component of carbon dioxide in the atmosphere and hyd
rosphere; 11—amount of CO* released into the atmosphere due to different proces
ses of vital activity; 111—  amount of organic materials oxidized in various proces
ses; I V --groups of organisms and weight of the biomass of organisms according to 
each group; V—weight of food and substrata absorbed by the organisms of each 
group; V I —weight of carbon in components of the lithosphere
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cture of the biotic circulation as occurring on the land and 
in the ocean. On the land, the primary production is mainly 
made by relatively slow-growing angiospermous plants 
whereas in the ocean it is created by rapidly multiplying 
planktonic algae.

From the comparison of the biomass of plants (2.4002 x  
x lO 121) with the amount of the annual production (232.5 X 
XlO9 t) it follows that the annual replenishment of the bio
mass is less than 10 per cent (9.7 per cent).

To maintain the relative stability of the biotic circula
tion, the input of organic matter due to photosynthesis is 
to be balanced by its consumption by animals and mic
roorganisms. Their activity is estimated to produce an amount 
of the order of 232.5x lO 9 t of dry organic matter. The 
total biomass of animals and microorganisms of the planet 
in dry weight is 23 X109 1. Consequently, the land organisms 
(animals, fungi, microorganisms) are expected to destroy 
annually the mass of organic matter ten times as much as 
their own weight.

In other words, every year the plants produce the orga
nic matter which is 10 per cent of their biomass, while the 
destructors comprising 1 per cent of the total biomass of 
the planet organisms have to process the mass of organic 
matter which weighs ten times as much as their own biomass. 
Even these rough estimations reveal how strikingly dove
tailed are the main components of the biotic circulation.

A vivid indication of the scale of the biotic circulation 
is the rate of the turnover of carbon dioxide, oxygen and 
water. According to the calculations of E. Rabinowich1*, 
an American investigator of photosynthesis, the entire oxy
gen contained in the atmosphere passes through organisms 
within about two thousand years, carbon dioxide makes 
a complete cycle in 300 years, all the water of the oceans, 
seas, and rivers decomposes and gets reduced due to the 
biotic circulation during two million years. Consequently, 
during the evolution of life not only carbon dioxide and 
oxygen but the entire volume of water passed through the 
living matter of the planet many thousand times!

Rabinowich, E. J. Photosynthesis and Related Processes. New 
York, Interscience publ., 1945.
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The comparison of distribution of life in the ocean and 
on the continents reveals that life develops irregularly 
under different conditions. The distribution of land life is 
highly irregular too. Every hectare of the globe accounts, 
on the average, for 160.9 t of plant biomass, as expressed in 
dry weight, its annual production being 11.5 t. Ini humid 
tropical zones this value is as high as 440.4 t, in the tropi
cal deserts it is as low as 7 t, the annual production falling 
from 29.2 to 2.8 t.

The intensity of the biotic circulation varies with diffe
rent conditions. This intensity can be estimated by the rate 
of accumulation and decomposition of dead organic matter 
formed as a result of annual leaf-fail and death of organisms 
The index of this rate varies from over 50 (swampy woods 
where the circulation is very slow) to 0.1 (humid tropic 
woods where virtually no plant remains accumulate). The 
index for the steppes is approximately 1-1.5, for the broad
leaved forests It is 3-4.

Thus even the rough quantitative expression of the biotic 
circulation of the planet shows that it is a complex system 
of particular circulations, which are ecological systems in
teracted with one another in different ways.

V.I. Vernadsky has repeatedly spoken of the organiza
tion of life on the planetary scale. The biological circulation 
based on the interaction of synthesis and destruction of 
organic matter is one of the most essential, if not the most 
essential forms of this organization. It is this form that en
sures the continuity of life and its progress.

The component parts of the biotic circulation are indi
viduals and species of various systematic groups ranging 
from microorganisms to higher representatives of the vege
table and animal kingdom interacting with one another 
directly or indirectly; the links between them are numerous 
and versatile involving direct and reverse connections. 
The concept of life thus treats not an individual organism 
but the entire totality of the living beings interrelated 
with one another in a certain way.

Kovda, V. A. The Biosphere and Mankind. Coll, works: 
Biosfera i ee resursy, Moscow, Nauka Publishers, 1971 (in Russian).
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Organization of the Biosphere

The organization of the biosphere is a manifold pheno
menon. When considered as a whole, the biosphere is the 
unity of the living matter and mineral elements involved 
in the sphere of life. The essential component of this unity 
is the biotic circulation based on the interaction of orga
nisms which form and destroy the organic matter.

A more detailed analysis reveals a heterogeneous charac
ter of the biotic circulation, its more ancient part comprising 
single-celled organisms involved in synthesis and destruc
tion, and the more recent superstructure composed of the 
multicellular organisms.

A still more profound analysis will show that the bio
sphere is distributed unevenly over the Earth surface. Rela
tively independent complexes of biosphere existing under 
different natural conditions are known as ecosystems (eco
logical systems), or biogeocoenoses. The concept of biogeo- 
coenosis has been introduced by the Soviet botanist V.N. Su
kachev to denote the community of organisms belonging 
to different species (biocoenosis) living in a certain natural 
environment.

Each biogeocoenosis, or ecosystem, is a kind of a minia
ture model of the biosphere. As a rule, it includes the pho
tosynthetic bacteria—the chlorophyll-bearing plants form
ing organic compounds, the heterotrophic organisms sub
sisting on the organic material created by autotrophic 
organisms, the destructors breaking down the organic mate
rials of the dead bodies of plants and animals and converting 
them into mineral elements, and the substratum with some 
store of mineral elements.

The biogeocoenoses may differ essentially depending on 
the features of the substratum, climate, and historical fac
tors involved in the formation of life. E. Odum1*, the well- 
known American ecologist, distinguishes the following 
ecosystems: seas, estuaries and sea coasts, streams and ri
vers, lakes and ponds, fresh-water swamps, deserts, tundras, 
grassy landscapes, and forests.

Odum, E.P. Ecology. The University of Georgia. Copyright 
by Holf, Rinehart and Winston, New York, 1963.
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Each of the extensive ecosystems mentioned by E. Odum 
has its own specific features and fails, in turn, into subor
dinate ecosystems or biogeocoenoses. The ecosystem of the 
forest includes, naturally, biogeocoenoses of various kinds 
of forests: coniferous, decidious, tropical, having their own 
features and, in the first place, their own circulations of 
matter and energy. To cite another example, the ecosystem 
of the sea comprises the biogeocoenoses of the open ocean 
and those of coral islands, which are abundant with life.

Ch. Elton1*, the prominent English scientist and who 
made ecology an independent branch of science, points out 
that biogeocoenoses differ as to their abundance of life. 
The biogeocoenoses of the Extreme North or of deserts are 
usually poor in the species of organisms, whereas the biogeo
coenoses of the tropical rain forests contain a multitude 
of species. The amount of the primary production of organic 
materials in the biogeocoenoses, where the life is most plen
tiful, is fifty times that of the biogeocoenoses of the ocean 
depths.

Biocoenosis, which is the living part of a biogeocoenosis, 
is composed of populations of different species. The distri
bution of species involved in a certain biocoenosis exhi
bits interesting regularities. For example, it was found 
that the lighter the organisms, the more numerous they 
were* 2).

The study of the frequent occurrence of different species 
reveals another important regularity: comparatively few 
species are extremely abundant. Thus for example, according 
to Rice 3) who studied the specific structure of plants in the 
high-grass plain of Oklahoma, 9 species account for 84 per 
cent of standing grass crop while other 20 species constitute 
only 16 per cent.

Biocoenoses include both highly specialized species which 
can survive only under the conditions provided by the given 
biocoenosis and the species adaptive to different conditions.

Elton, Ch. The Ecology of Invasions by A n im a ls  and P lan ts . 
London, Methuens, 1958.

2) MacFadycn, A. A n im al Ecology: A im s  and Methods. London 
(2nd ed.). Pitman, 1963.

3) Rice, E.L. Phytosociological Analysis of a Tail-Grass Prairie 
in Marshall County, Oklahoma. Ecology, 33: 112, 1952.
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When the conditions of their habitat change essentially the 
specialized species are the first to die out.

Apart from the species belonging to the given community 
permanently, many biocoenoses comprise species which 
occur in them during some stage of their development only, 
or during a certain season. The former include many aquatic 
insects which live in the water reservoirs only as larvae 
while their adults leave this habitat. The mosquito is a 
case in point. The latter include migrating birds, fishes, 
some insects.

The individuals of various species belonging to the given 
biogeocoenosis are involved in complex interactions with 
other organisms in the community. A limited space harbour
ing a certain biogeocoenosis restricts the area of the habitat 
of individual species of plants and animals. The members 
of a community are in competition for space and employ 
various means for the purpose; some of them, for example 
excrete chemicals (antibiotics, phytoncides). Of great im
portance is the alimentary connections—the feeding of 
some species on others as well as the competition for the 
object which serves as food. The rivals use various means 
to defeat one another. In plants and bacteria, the compe
tition for food involves the competition for nutrient salts.

The relationship of the type existing between the flowering 
plants and the pollinators plays a very significant role. 
The plants also “compete with one another” using different 
means for attracting the insects; and the insects try to be 
most efficient in collecting the pollen and nectar. Of great 
interest are the relationships between the organisms known 
as symbiosis, that is, association of dissimilar organisms. 
Thus lichens, an extensive group of plants, are dual orga
nisms formed from symbiotic association of two plants, 
a fungus and an alga. Many higher plants occur usually in 
association with mycorrhiza, “fungus root”, which develop 
on their roots. In particular, the Orchidaceae family, cannot 
exist without association with fungus which infects already 
the seed of the plant. All the longhorn beetles whose larvae 
feed on wood have special formations in their digestive 
tract; these are the so-called symbiorgans filled with micro
organisms digesting wood. The ability of the ruminants to 
nourish themselves on coarse food depends on the population
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of organisms residing in their stomachs. Luminous organs 
often occurring in mollusks, insects, crustaceans, deep
water fishes are of a dual origin. The organ of a highly spe
cific structure develops in the animal body while lumines
cence is due to the presence in them of symbionts—the 
luminous bacteria.

The parasite-host relationships are of great importance. 
An essentially new form of relationship has been discovered 
lately, namely, the transmission of hereditary characters 
from some species to others accomplished by bacteriophages 
and viruses. Such a relationship is, apparently, common in 
bacteria. We do not fully understand as yet its role in the 
interaction between other animals involved in biocoenosis.

Apart from direct links, such as alimentary links and 
competition for food substratum or habitat, the members 
of the same biocoenosis are inevitably linked together in 
the process of their vital activity. In winter, oxygen is 
often deficient in the water basins covered with ice due to 
the destructive processes occurring there. This affects the 
life of all the aerobic organisms. Intensive development 
of microscopic algae when the salts of nitrogen and pho
sphorus impedes destruction of organic matter by micro
organisms, etc.

Various relationships existing among organisms impart 
some features of integrity and stability to biogeocoenoses 
and allow them to develop relatively independent. This 
is manifested, among other things, in their ability to with
stand various external effects, i.e. in the phenomena known 
as homeostasis or buffering power. There seems to be a di
rect relationship between the complexity of biocoenosis 
and its ability to withstand diverse external effects. Charles 
Elton1*, the English ecologist provides very interesting 
examples of such a dependence:

1. Biocoenosis of tropical woods on the continents is 
most reluctant to include “pioneer species” from outside 
and exhibits a great stability in the number of individual 
species belonging to it. No population explosions of in
dividual species have been observed in tropical woods.

Elton, Ch. The Ecology of Invasion by Animals and Plants. 
London, Methuens, 1958.
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Reproduction of potential pests is controlled by numerous 
predators and parasites. The numbers of individuals in a 
species are not great.

2. Biocoenoses of woods of moderate regions are relatively 
stable. Thus the Whitham-Woods ecosystem in England has 
“included” only three or four pioneer plants and animals, 
among them were the Caroline squirrel and sycamore, the 
European species of maple.

3. The animal and vegetable kingdom of the oceanic 
islands is generally poorer in species than the comparable 
continental areas. The interspecific relations and dependen
cies which can be jointly described as “biotic associations” 
are less pronounced here. This is why the fauna and flora* 
.of oceanic islands cannot maintain their character for any 
length of time under the conditions allowing a free exchange 
of organisms; this wras pointed out by Charles Darwin. 
A wealth of analogous facts has been accumulated since. 
For example, in New Zealand, sixty-one species of mammals 
and birds adapted themselves to the new environment dur
ing a comparatively short period. 52 per cent of these im
migrated from Great Britain, 41 per cent from Australia, 
Asia and America and a little more than 6 per cent from Eu
rope and Polynesia. These figures indicate that naturaliza
tion of new species in New Zealand depends primarily on 
the intensity of the contacts between this country and other 
parts of the globe. New Zealand was for a long time a co
lony of Great Britain, and hence the majority of her pioneer 
plants and animals has been brought from there. This indi
cates a relative weakness of biotic associations in the eco
system of New Zealand and its ability to include a great 
number of pioneer species.

4. Biocoenosis of orchards is still more simple. Elton 
gives examples and opinions of some authorities showing 
obviously a relatively poor resistance of these biocoenoses 
to the invasion of vermins and fungous diseases. From time 
to time such associations suffer from the population ex
plosions of individual groups of pests which cause great 
losses.

5. Finally, fields under cultivated plants are among 
the biocoenoses which are mcst liable to pests. It is only 
an intensive struggle against weeds, pests, fungous and ba-
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cterial diseases continually carried out by a man and that 
allows him to get rich harvests. The simple biocoenoses of 
fields, gardens and orchards would not exist for a long time 
without man’s help.

Complex biocoenoses exhibit greater resistance not only 
to intrusion of individual species from different ecosystems 
but also to abiotic factors. Comparatively loose biocoenoses 
of the Extreme North suffer more subtle changes caused by 
a rise or a drop in temperature than the more stable biocoe
noses of moderate latitudes do. For example, the zooplank
ton biomass of the nearshore regions of the Barents Sea can, 
during some years, show a sixfold decrease as compared 
with the mean value.

Ecosystems saturated with life usually withstand better 
the various toxic effects than the poorer systems do. We can 
illustrate this with the data on the effectiveness of disin
tegration of phenol (carbolic acid) in model ecosystems 
depending on the degree of their complexity1).

The following models have been studied: (1) bacteria; 
(2) bacteria and aquatic plants; (3) bacteria, aquatic plants, 
mollusks; (4) bacteria, aquatic plants, fishes.

Equal portions of phenol were introduced daily into all 
the model biocoenoses. It took phenol the shortest time to 
disintegrate in models 3 and 4, and the longest time in 
model 1. In spite of the fact that only bacteria are capable 
of disintegrating phenol, this process occurred most success
fully in the model biocoenoses containing other organisms 
alongside with bacteria. There are several reasons to account 
for this. First, phenol destroys aerobic bacteria, and plants 
are known to enrich the environment with oxygen. Second, 
excrement products of mollusks and fishes include com
pounds containing biogenic elements: phosphorus, nitrogen, 
sulphur, etc. which are also vitally indispensable for the 
successful work of bacteria. Third, the protozoa subsisting 
on bacteria had been introduced into the ecosystem together 
with plants and animals. In this way mineral elements 
contained in the bodies of bacteria can enter the circulation 
again; this makes the bacteria more efficient destructors

X) Kamshilov, M.M. The Buffer Action of a Biological System. 
Zhurnal Obshchei Biologii, vol. 34, No. 2, 1973 (in Russian).
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of phenol. Indeed, if there were bacteria alone, they would 
absorb all the biogenic salts, and this would arrest or, in 
any case, slow down destruction of phenol. The protozoa 
(infusorians, flagellates, amoebae, etc.) which feed on ba
cteria contribute to the acceleration of the circulation of 
mineral elements. Therefore bacteria can destroy phenol 
even if they are not very numerous. Calculation of various 
species of microscopic protozoa, algae, and microscopic 
multicellular organisms revealed that the greater the di
versity of species the more vigorous is the destruction of 
the toxic material.

It turned out that for the destruction of phenol to be 
more effective, the biocoenosis must for some time adapt 
itself to the new factor. If phenol is introduced by large 
portions, biocoenosis is destroyed very rapidly and the rate 
of the disintegration of phenol decreases. A gradual intro
duction of phenol allows the same biocoenosis to destroy 
much greater amount of the poison.

Natural biogeocoenoses are known to be essentially inde
pendent. Some of them persist for a long time, while others 
undergo regular changes. Thus, for example, a pond often 
turns into a swamp which results in the formation of peat; 
ultimately, a wood grows in the place formerly occupied 
by a pond.

The natural changes occurring in biogeocoenoses are 
known as succession. Succession, as a rule, results in the 
greater variety of species included in the biogeocoenosis, 
which contributes to its stability. Ecologists use to say 
that in this case biogeocoenosis has attained climax. E. 
Od u mg i v e s  an interesting example of succession observed 
on an abandoned farm in the south-eastern part of the USA. 
For the following ten years grasses dominated there, then 
brushwood began to develop; after 25 years, the brushwood 
was replaced by a pine forest which 100 years after the be
ginning of succession gave place to the hardwood trees. 
The number of bird species increased during the period from 
2 to 19, the density of the couples of birds per 100 acres 
rose from 27 to 233. In this case, the period of succession

Odum, E.P. Ecology. The University of Georgia. Copyright by 
Holf, Rinehart and Winston. New York, 1963.
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lasted about 100 years. In the localities completely devoid 
of soil (sand dunes, newly-formed lava flows) it is completed 
in at least 1000 years.

The increase in the number of species in the course of 
succession is accounted for by the fact that each new compo
nent of the biogeocoenosis offers new possibilities for the 
pioneer species. For example, the growth of trees in a lo
cality occupied by a certain ecosystem in a short time re
sults in its ushering the species living in the forest floor, 
on the bark, under the bark, those building their nests in 
the branches and the hollows of the trees, etc.

During the period of reproduction all the organisms spe
cies beget great numbers of youngsters, which attempt after 
each reproduction cycle to “cross the frontiers” of its biogeo
coenosis. These attempts usually prove unsuccessful be
cause biogeocoenosis, due to its buffering power, prevents 
the survival of the pioneer species, particularly after it 
has attained its climax. A common dandelion with its 
yellow head which looks so nice in spring at the sides of 
roads cannot penetrate into the biocoenosis of the wild 
grasses, for it “has no admittance” there.

As already stated, each biogeocoenosis exhibits a specific 
integrity. Only the species of organisms which can repro
duce most successfully, particularly in the given associa
tion, survive and persist in it during the process of natural 
selection.

The historical process of formation of biogeocoenoses 
has been very long. A very essential factor of this process 
is a competition occurring among different biogeocoenoses 
for a place under the Sun. The steppe strives for replacing 
the forest, the forest makes an effort to replace the steppe, 
etc. Naturally, only most integrated biogeocoenoses can 
win this competition, i.e., the biogeocoenoses which exhi
bit the greatest division of functions between its members 
and, hence, have a greater number of internal biotic links.

As every biogeocoenosis comprises all the principal 
ecological groups of organisms, it is potentially equal to 
biosphere. It is a kind of the primary unit of evolution. The 
biotic circulation within a biogeocoenosis which is the basis 
for its long survival provides a specific model of the Earth 
biotic circulation. Due to these specific features, each bio-
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geocoenosis can, in principle, Spread over the whole of the 
Earth. This does not happen because the potentialities of 
all the biogeocoenoses are almost similar. Competing with 
one another for substance, energy and space they set a limit 
to expansive tendencies of their rivals.

The stability of the biosphere as a whole, and its ability 
to evolve depend, to a great extent, on the fact that it is a 
system of relatively independent biogeocoenoses. Indeed, 
the interrelations between biogeocoenoses are confined 
mainly to the connections effected through the non-living 
components of the biosphere: gases of the atmosphere, mi
neral salts, water.

The study of the structure of the biosphere is not con
fined to the analysis of biogeocoenoses. They in turn comprise 
populations of diverse species, i.e. of the qualitatively 
specific forms of organization of the living matter each of 
which stems from a common ancestor. Thus a biogeocoenosis 
includes populations of species with different developmental 
histories; the basis of a biogeocoenosis is polyphyletic.

Consequently, the biosphere is a hierarchically-based 
unity including the following levels of life: an individual, 
population, biocoenosis, biogeocoenosis. Each of the above 
levels is relatively independent; it is this relative indepen
dence alone that ensures evolution of the whole of the exten
sive macrosystem.

The evolving unit is the specific population which is 
evolving, however, only as a part of its biogeocoenosis, 
and the latter, in turn, is an integral part of the bio
sphere.

The universal principle of formation of the complex 
from the relatively simple equally holds for the organiza
tion of the biosphere as a system of biogeocoenoses.

1. There exists a mass of specific components: populations 
of individual species.

2. Various species of organisms are not only capable of 
interaction with one another but their very existence de
pends on these relationships.

3. The relationships among the organisms are provided 
with the energy from a single source: the solar radiation. 
Each biogeocoenosis is a specific mechanism converting the 
Sun energy into the energy of biosyntheses.
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4. The principle of division of labour which is suffici
ently well manifested in biogeocoenoses contributes to their 
greater stability.

5. The fact that biocoenoses are relatively independent 
of one another and compete for habitat, substance and 
energy provides optimal conditions for the evolution of 
the biosphere as a whole.



Chapter 4

SUBSTRATUM OF LIFE

To discover the true specificity 
of the phenomena of life one should 
more thoroughly analyse its three 
basic features: metabolism, change 
of energy and the form of the 
system.

N.K. Koltsov"

The biosphere whichs includes organisms as its essential 
components, came into existence as a result of a long evo
lution of matter towards life. It has undergone a long de
velopment from the Archean Era till the present when it 
appears as the totality of the tremendous processes of syn
thesis and destruction of organic matter, of the birth, deve
lopment and death of individual organisms. What is, after 
all, the evolving substratum of life, what are the systems 
of highly complex chemical compounds that we call 
living organisms?

F. Engels described the living system as a constant self
renovation, continuous transformation of parts, alternation 
of feeding and excretion.* 2)

E.S. Bauer, the prominent Soviet biologist, believed that 
basic distinction between the living and non-living systems 
was the persistent absence of equilibrium in the former: 

all the living systems and only they never exhibit equi
librium and are constantly working at the expense of their 
free energy, to prevent the equilibrium required by the 
laws of physics and chemistry under the existing external 
conditions... . We shall designate this principle as a ‘prin
ciple of persistent non-equilibrium’ of living systems... 
we do not know of any non-living system in which a non
equilibrium state would have properties characteristic of

" Koltsov, N.K. The Organization of the Cell. Moscow-Leningrad, 
Biomedgiz Publishers, 1936, p. 5.

2) Marx, K. and Engels, F. Werke, Dietz Verlag. Berlin, Band 20, 
S. 74-76.
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stability.” 1* lie  goes on to say: “Structures of living sys
tems are unbalanced... consequently, their preservation, 
i.e., maintenance of the system’s conditions presupposes 
their constant renovation, i.e., continual expenditure of 
some work for the purpose.”* 2)

The principle of persistent non-equilibrium can be exten
ded onto higher levels of organization of the living system. 
Indeed, at the level of organisms, too, life is known to pro
ceed by a constant replacement of individuals: some orga
nisms perish and others are born. A fundamental feature 
distinguishing the biotic circulation from any other, parti
cularly, hydrological one, is, obviously, that at all the le
vels it occurs due to the continual interaction of opposite 
processes: synthesis and destruction of molecules, birth 
and death of individuals, appearance and extinction of 
species. In a word, “life can be only there, where synthesis 
and destruction occur together”3).

Thus both, the enormous system which we call life and the 
units of each large system of organisms are governed by the 
same principle of the unity of opposite processes of synthe
sis and destruction.

Studies of vital activity as considered at the molecular 
and submolecular levels have greatly contributed to our 
understanding of the essence of life. Viewed in terms of 
energy at the submolecular level, the essence of the biotic 
circulation or the energy cycle of life as it is termed by the 
well-known Hungarian biochemist, Albert Szent-Gyorgyi 
is that it “consists of electrons being boosted up by photons, 
and then dropping back to their ground level through the 
living systems, giving up gradually their excess energy which 
then drives the living machinery” 4). According to this 
concept, life is a continuous and regular cyclic flow of ele
ctrons induced by the Sun radiation.

The vital activity of organisms is, in turn, based on an

4) Bauer, E. S. Theoretical Biology. Moscow-Leningrad, VIEM 
Publishers, 1935, pp. 43-44 (in Russian).

2> Ibid., p. 55.
3> Claude Bernard. De la physiologie generale. Paris, Hachette 

et co., 1872.
4) Szent-Gyorgyi, A. Introduction, to a Submolecular Biology. New 

York and London, Academic Press Inc., 1960, p. 21.

7*
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intricate system of oxidizing and reducing reactions, which, 
too, involve the migration of electrons.

Life, this regular flow of electrons induced by the Sun 
radiation, is, consequently, the result of their strictly 
ordered migrations in small systems—organisms, cells, parts 
of cells (specifically, in mitochondria). Therefore, life can 
proceed only due to substances which can take up photons 
and convert their energy into the energy of a relatively 
long-time electron excitation (function of the uptake of 
energy). This energy must be converted into the energy of 
chemical bonds (function of accumulation of energy). Then 
it must be transmitted through the food chain from photo- 
autotrophs via heterotrophs to destructors (functions of 
binding and transport of energy). Throughout these proces
ses, the substratum of life must reproduce its structure in 
spite of all the chemical transformations, mutations and 
death of individuals (function of heredity). These functions 
are performed by the system of asymmetrically arranged 
biopolymers—proteins and nucleic acids. In this system, 
complex proteins ensure all the functions of life, except for 
reproduction.

The ability for reproduction is of a particularly great 
importance, which is emphasized by the fact that it is ac
complished by mechanisms which are never found in non
living things. Reproduction is based on the synthesis of 
proteins in cells occurring through the action of nucleic 
acids.

Cell

The modern idea of the cell crowns a long story of develop
ment closely linked with the improvements in microscopes 
which revealed line structures in units once considered 
structureless (Figs 23, 24).

The cell is now viewed as a complex and intricate system 
made up of two main components: the nucleus and cyto
plasm. The nucleus contains chromosomes, nucleolus and 
nuclear sap, and is enclosed by a two-layer porous membrane 
separating it from the cytoplasm. The cytoplasm is usually 
a transparent fluid including mitochondria, ribosomes 
and some other less regular organoids (Fig. 25).
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Fig. 23. Diagram of the cell division (mitosis):
u —resting cell; /—nucleus; 2—nucleolus; 3—nuclear membrane; 4—chromatin 
in the form of a fine net; 5—cytoplasm; 6—cell membrane; b—chromatin accumu
lates to form a long chromatin thread; c—the chromatin thread falls into short 
and thick portions forming chromosomes; the nucleolus disappears; d —each 
chromosome splits longitudinally into two; c—the split chromosomes take a po
sition to form the equatorial plate (the nuclear membrane disappears and the cle
avage spindle with two poles is formed); / —the halves of each chromosome move 
toward different poles of the spindle; g —daughter nuclei are formed; h—two cells 
which arc exact duplicates of «

The chemical composition of the cell is very complex. 
Apart from water which frequently accounts for more than 
70 per cent of its weight, and ions of mineral salts, the cell 
comprises proteins, nucleic acids, fat-like substances (li 
pids), carbohydrates and some organic compounds of lower 
molecular weights. The latter serve as building material 
for biopolymers (amino acids, nucleotides), accumulators
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Fig. 24. Human chromosomes.
Above are the chromosomes of the male 
as seen in the cell undergoing division; 
below are the same chromosomes arran
ged in a definite order. The last pair 
an; sex chromosomes. The male contains 
different (X +  V) chromosomes, the fe
male has similar (X +  X) chromosomes.

of energy (adenosine triphosphate) or function as biologi
cally active compounds involved in the regulation of bio
synthetic processes (Figs 20, 27).

Proteins are compounds directly involved in metabolism. 
All the main structures on both the cell level and the level 
of multicellular organism are built of proteins which are 
also responsible for separation of the organism from its 
environment and for the differentiation of all the basic 
biochemical processes in the cell. All the enzymes, these 
biological catalysts, are proteins. Enzymes are active 
agents in synthesis and in decomposition of foods into the 
basic components with the resulting release of energy and 
formation of the building materials to be later used in syn
theses. The contractile proteins are the basis of various 
forms of motion, ranging from the movement of the sperm 
tail to the involved muscular forms of movements of higher 
organisms.

Studies of the recent years have revealed the structure 
of proteins and even enabled the synthesis of the simplest 
of them: insulin, a hormone secreted by pancreas, and gast
rin, a hormone formed in the gastrointestinal tract. It has 
been established that each protein is a chemically specific
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Fig. 25. The structure of the cell as revealed by the electron 
microscope:
1—coll membrane; 2—cytoplasm; 3—mitochondria; 4—endoplasm;
5 —ccntrosome; 6—nuclear membrane; 7—nucleus; 5—nucleolus

macromolecule with a molecular weight ranging from 4.5 -103 
(adrenocorticotropin of the pig) to 9-106 [hemocyanin of the 
edible snail (Helix pomatia)].

Protein is a biopolymer comprising amino acids as its 
principal structural elements. There are twenty different 
amino acids commonly found in proteins. They are bound 
in the protein by a specific peptide bond. Three kinds of
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Fig. 26. Adenosine triphosphate, ATP, which is the accumulator of 
energy in the cells of animals and plants.
ATP is formed in mitochondria (1) and chloroplasts (2). It. provides a source of 
energy for muscular contraction (3), synthesis of protein (4), movement of sub
stances opposite the gradient of osmotic pressure (5), travel of nervous impulses 
(6). “Discharged” adenosine diphosphate (ADP) formed in the process gets 
“ charged” again hy utilization of solar light energy contained in food

structure are distinguished in the proteins—primary, se
condary and tertiary. The primary structure is the arrange
ment of amino acids within the polymer. The protein chain, 
however, cannot exist in the form of a straight chain. The 
oxygens of CO groups and the hydrogen atoms of the string 
of amino-acid residues form additional hydrogen bonds so 
that the chain gets twisted into a helix. This is the secon
dary structure of protein (Fig. 28). The protein helix takes 
shape of a clew to form a tertiary structure with a highly

Fig. 27. ATP intensive synt
hesis takes place in mitochond
ria. It is bounded on outside 
by double membrane: the inner 
component of the double mem
brane is folded inwards to form 
cristae (crests) (1)
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Fig. 28. Secondary structure of protein 
resembles a winding staircase with resi
dues of amino acids playing the role of 
“steps”; the spiral is stabilized by hydro
gen bonds (horizontal lines)

peculiar surface. The specific character of the molecule is 
determined by all the three structural levels; in particular, 
the enzymatic activity of the protein depends on the pattern 
of the tertiary structure. Some similar or identical protein 
molecules may combine into a unit of a still higher order 
and thus form the quaternary structure. For instance, in 
the molecule of the respiratory blood pigment, haemoglobin, 
two molecules of a-haemoglobin and two molecules of |5- 
haemoglobin are combined into a complex. The primary 
structure of protein, i.e. the sequence of amino acids in the 
biopolymer is a decisive factor. Proteins are synthesized 
in ribosomes which are the granules of cytoplasm.

Another group of compounds are nucleic acids. There are 
biopolymers of a comparatively simple structure. The stru
ctural unit of the polymer chain of a nucleic acid—nucleo
tide—is a compound of a nitrogenous base, sugar and resi
due of phosphoric acid (Fig. 29). Two main classes of nu
cleic acids are distinguished: desoxyribonucleic acid (DNA) 
and ribonucleic acid (RNA). DNA is present in all the or
ganisms; it is only in some plant viruses that its functions 
are performed by RNA.
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Fig. 29. Structure of a strand of nucleic acid: residue of phosphoric 
acid (P), sugar (S), nitrogenous bases—adenine (A), guanine (G), 
cytosine (G)

DNA consists of a chain of alternating residues of phos
phoric acid and the sugar desoxyribose. Attached to each 
sugar, in a varying sequence, is one of the four nitrogenous 
bases—two purines (adenine and guanine) and two pyrimi
dines (thymine and cytosine). Molecular weight of DNA 
is as high as 107, i.e. it is higher than that of a protein mo
lecule.

The RNA molecule consists of the residues of phosphoric 
acid alternating with the sugar ribose. Attached to each 
sugar is one nitrogenous base: adenine, guanine (purines) 
or uracil, cytosine (pyrimidines). Molecular weight of RNA 
is G-IOMO. Thus DNA and RNA are distinguished by 
their sugar composition (desoxyribose or ribose) and by one 
pyrimidine (thymine or uracil).

As a constituent part of the chromosome, nucleic acids 
have long since preoccupied the minds of biologists, who for 
many years, “figured it” out as a kind of an envelope protect
ing the protein basis of the chromosome from destructive 
effects of the substances surrounding it rather than as a 
device for the reproduction of protein. The illuminating 
breakthrough was due to the American researchers, O.T. 
Avery, C.M. MacLeod and M. McCarty1} who observed, in 
1944, transformation of .a hereditary type of pneumococcus, 
the causative agent of pneumonia, into another hereditary 
type effected by the DNA preparation isolated from the 
latter. It was found that DNA can transmit hereditary cha
racters from some cells to others.

Avery, O.T., MacLeod, C.M., McCarty, M. Studies on the 
Chemical Nature of the Substance Inducing Transformation of Pne- 
umoccal Types. / .  Exptl. Med., 79, 137, 1944.
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Improvements in electron microscopes brought forth 
fresh convincing evidence. It was found that when infecting 
a bacteria, the phage particles inject into it only its nucleic 
acid. The bacteriophage’s protein coat remains outside the 
bacteria, taking no part in the phage particles’ prolifera
tion. Nucleic acid of the phage so alter the metabolism of 
the bacterial cell that it turns into a mechanism for repro
duction of phage particles. These and lots of other similar 
facts are evidence that highly polymerized nucleic acids 
can force the cell to follow a specific course of its synthetic 
processes.

The hypothesis which has been increasingly gaining 
ground is that nucleic acids are substances in which the main 
programme of biosyntheses is imprinted by the sequence of 
the four nitrogenous bases. DNA, first discovered in chromo
somes of higher organisms, has a major part to play.

The increasing complexity of DNA in the row starting 
with viruses and ending with man reveals interesting re
gularities. One of the smallest bacteriophages—the lambda 
phage has 4 .8-104 pairs of nucleotides; in the bacteriophage 
T-4, which is somewhat more complex their number is as 
great as 1.8-105; the E. coli has 4.5* 10° pairs of nuc
leotides; mould fungus Neurospora—4.5-107; fruit f ly —■ 
2.0-108; man—2.0-109. The length of all the DNA strands 
contained in a single human cell is about three metres.

Having studied the structure of DNA by means of X-ray 
diffraction studies, the English scientists J.D. Watson 
and F.H. Crick1] proposed, in 1953, the DNA model. They 
claimed that the DNA structure was composed of two poly
nucleotide strands coiled around each other into a helix 
(Fig. 30). The strands are linked by hydrogen bonds which 
tie the pyrimidines of one to the purines of the opposite 
strand. Adenine is invariably linked with thymine, while 
guanine with cytosine, and thus the sum of purines of DNA 
is equal to that of pyrimidines. The helix of Watson and 
Crick2)-winds to the right; this is due to the properties of 
desoxyribose, which has asymmetric right structure.

Watson, J.D., Crick, F.H.C. Genetical Implication on the 
Structure of Desoxyribose Nucleic Acid. Nature, 17, 964-96G, 1953.

2> Watson, J.D., Crick, F.II.C. The Structure of DNA. Cold 
Spring Harbour Symposiujn Quant. Biol., vol. 18, p. 123, 1953.
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Fig. 30. DNA structure built of two poly
nucleotides coiled into a helix (after Watson 
and Crick).
The ribbons turned into a Helix constitute the ske
leton of the molecule, made up of residues of phos
phoric acid—P, arid the sugar desoxyribose— S; the 
bars connecting the ribbons represent the pairs of 
nitrogenous bases linked by hydrogen bonds; A, T, 
G, G are the nitrogenous bases. The vertical bar is 
the axis of symmetry

In our present state of knowledge, reproduction (repli
cation) of DNA is accomplished in the following way: the 
two strands of the DNA pull apart and a new matching 
strand is formed by base pairing with individual nucleo
tides, for each of the old strand (each purine attracting 
from the medium its complementary pyrimidine, and each 
pyrimidine its complementary purine). Next, these new 
nucleotides are chained together to form a daughter strand 
which is complementary to the mother strand (i.e. they form 
a chain in which places of the purines in the mother strand 
are occupied by their complementary pyrimidines, and the 
places of the pyrimidines are occupied by the complemen
tary purines). The process is accomplished with the help of 
a special enzyme—the DNA polymerase. Since the other 
mother strand likewise replicates a complementary daughter 
strand, the process results in the formation of two daughter 
strands which are identical to the two mother strands. The
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Fig. 31. DNA transformations:
a—synthesis of the daughter DNA strands (*>) on the basis of mother strands (J) 
with the aid of the enzyme DNA-polymerase («?); b—formation of the complemen
tary DNA strands by attaching nucleotides which are complementary to the nuc
leotide pair (replication)

specific sequence of the nitrogenous bases, which encodes 
the specificity of the biosyntheses, thus remains unchanged 
(Fig. 31).

DNA performs two main functions:
(1) it is concerned with storage and hereditary transmis

sion of genetic information, i.e. acts as phylogenetic memory 
by replicating daughter strands;

(2) it imparts specific characteristics to the synthesis 
of the cell proteins by means of the processes referred to as 
transcription or translation.

DNA is particularly interesting as a code determining 
specificity of protein syntheses. That the DNA structure 
carries encoded information as to the manner of protein 
synthesis was first suggested in 1954 by the American phy
sicist G. Gamow. Proteins are composed of twenty amino 
acids, DNA comprising four nitrogenous bases. Each amino 
acid has a certain combination of nitrogenous bases cor
responding to it. Apparently, it is out of question that 
there is some combination of two nitrogenous bases, corres
ponding to each amino acid, as the number of possible 
combinations of four by two is only 16, i.e. less than the 
number of the basic amino acids. The minimal number 
of combinations is three of four, or a triplet. The number 
of possible combinations (64) is much greater than the 
number of amino acids.

By studying synthetic polynucleotides of a certain known 
structure, the American biochemists M. Nirenberg and
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J.H. Matthaei1* in 1901, were able to present evidence in 
favour of this hypothesis and even to determine the parti
cular triplets of nitrogenous bases corresponding to various 
amino acids. It was found that phenyl alanine amino acid 
corresponds to the triplet of three uracils. The latest works 
by Nirenberg and other authors have eventually established 
the triplet codes of all the twenty amino acids. This disco
very of a tremendous importance brilliantly confirmed 
the hypothesis concerning the DNA function in the protein 
syntheses.

Further research revealed an even more exciting regula
rity. It was found that all the organisms ranging from ba
cteria and blue-green algae, on the one hand, to mammals 
and higher doweling plants, on the other, use the same 
nucleotide code. The uniformity of the life substratum of 
all the organisms populating the Earth is an established 
fact.

“Decoding” of the message contained in the DNA mole
cules and turning it into a combination of biochemical 
processes is the responsibility of RNA. Unlike DNA whose 
quantity in the cell is remarkably constant, the RNA con
tent exhibits great variations depending on the nature of 
cell metabolism, of nutrition, etc. RNA is subdivided into 
at least three types. The high-molecular RNA accounts for 
about 90 per cent of all RNA in the cell. It resides in the 
cell ribosomes, where the synthesis of the cell proteins 
occurs, and constitutes up to 60 per cent of the ribosome 
body. Messenger RNA (mRNA) is synthesized in the cell 
nucleus with the participation of DNA; its structure has 
the same sequence of nitrogenous bases as DNA, i.e. it, so 
to speak, copies the structure of DNA or transcribes it 
(Fig. 32). Supplied from the nucleus to ribosomes mRNA 
transmits into these protein factories the information on 
the nature of syntheses. The mRNA content in the cell is 
rather small—1-2 per cent of the total cell’s RNA.

The third and last type of RNA, soluble or transfer RNA 
(2RNA), is a nucleic acid (of a relatively low molecular

Nirenberg, M.N., Matthaei, J.H. The Dependence of Cell free 
Protein Synthesis in E. coli upon Naturally Occurring or Synthetic 
Polyribonucleotides. Proc. Natl. Acad. Sci. U.S., vol. 1588, 1961.



SUBSTRATUM OF LIFU 111

Fig. 32. Scheme of RNA synthesis:
a—synthesis of messenger RNA (2) on the basis of the DNA strand (!) by means 
of RNA-polymerase enzyme (3); b—formation of 7nRNA strand by addition of 
nucleotides complementary to the pair (transcription)

weight about 25 000) concerned with attaching and trans
ferring amino acids to the site of protein synthesis in ribo
somes.

Amino acids in the cell are linked with the /RNA poly
nucleotide chains in such a way that each amino acid has 
its own corresponding /RNA chain. Hence, the cell con
tains at least twenty different types of /RNA. Attachment 
of amino acids to the' /RNA polynucleotide chain is accom
plished in several stages. First, amino acid is activated due 
to the reaction with ATP (adenosine triphosphate) and an 
enzyme. This results in the formation of AMP (adenosine 
monophosphate) complex-amino acid and pyrophosphoric 
acid, which splits off from ATP. Subsequently, the activated 
amino acid is tied up to /RNA through the action of an en
zyme. The chain composed of amino acid and /RNA moves 
towards the ribosome, “recognizes’’ its counterpart triplet 
of nitrogenous bases in the mRNA strand and gets attached 
to it. In this way, the amino acid finds itself in the proper 
place. Amino acids then unite to form a polypeptide chain. 
The message recorded by the sequence of nitrogenous bases 
in mRNA is translated into the language of amino-acid 
sequence (Fig. 33). Thus DNA determines the specificity 
of RNA, which in its turn, imparts specific characteristics 
to protein syntheses1}.

In 1927, when studying protein synthesis, N.K. Koltsov 
arrived at the conclusion that it was highly improbable that

It was found recently that in some cases the so-called reverse 
transcription occurs, i.e. DNA is synthesized on the basis of RNA.
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8
n
protein

/ R N A + A a

Fig. 33. Scheme of protein synthesis.
The 7/1RNA is formed on the DNA; it leaves the nucleus and travels to the riboso
mes, in which the protein molecule is assembled from the amino acids (Aa) con
veyed by the transfer RNA (/RNA)—(translation)

the complex protein molecules containing thousands of 
amino-acid residues arranged in a definite sequence could 
result from some commonplace chemical reactions. Koltsov 
believed that new protein molecules must be produced on 
some template. His idea has been fully confirmed by the 
recent investigations. Indeed, the protein synthesis is 
effected according to the principle of template. The DNA 
chain plays the role of a template. The sequence of nitroge
nous bases in the DNA strand determines the sequence of 
nitrogenous bases in different types of RNA, which, in 
turn, strictly determines the sequence of amino-acid resi
dues in the proteins being synthesized. The template prin
ciple ensures a good order and a high rate of the synthesis 
processes, as well as distinct characteristics of the products 
being synthesized. According to V.A. Engelgardt, one of 
the founders of molecular biology in the USSR, “The tem
plate principle of synthesis is a phenomenon of major, fun
damental significance. The peculiarity of the chemism of 
living systems, as compared with the non-living ones, is 
pronounced here more than anywhere else” 1*. While keeping 
intact the principle of conventional chemistry, the tem
plate principle introduces something absolutely new “which 
is not found elsewhere in nature: the possibility of main
taining the strictest and inviolable order in the successive 
stages of the exceedingly long chain of reactions”* 2*.

o Engelgardt, V.A. The Chemical Pathways to Learning the Life 
Phenomena. Khimiya i zkizn, 1905, Nos. 7-8, p. 102 (in Russian).

2) Ibid., p. 103.
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Many researchers are inclined to overrate the importance 
of the nucleic acids contrasting them to all the other com
pounds. In 1961, the prominent Belgian researcher J. Brachet 
wrote that the function performed by DNA and RNA could 
be compared with that of an architect and a civil engineer 
whose combined efforts result in that a beautiful house 
arises from a heap of brick, stone and tile. u

If we adopt Brachet’s comparison of the development of 
an organism with/fthe construction of a house, the nucleic 
acids should be likened with the design drawings and build
ing materials rather than with the architect and the civil 
engineer. “The DNA molecule undoubtedly provides che
mical foundation for the specific development of each given 
organism. However it alone cannot determine either the 
self-reproduction or the development of organisms and thus 
cannot be viewed as the basis of life.”* 2) In other words, the 
important function of nucleic acids depends on their being 
a part of the cell’s system, “...the cell is the only known ma
terial system possessing all the properties of life. It is the 
cell as a whole that has the property of self-regulation and. 
self-reproduction and contains the imprinted genetic in
formation which is the total result of evolutionary develop
ment of a species and the basis of the whole of its future 
evolution.” 3)

“The very concept of the cell as a living organism im
plies that it is conceivable only as an integral orderly sys
tem... . None of the elements of the cell is fully autonomous, 
each of them being constantly subordinated to the system 
as a whole... . Integration of the cell is manifested not 
only in its structural wholeness but also in the character 
of its activity. Each functional act of the cell involves 
operation of the totality of its elements, instead of one 
particular organoid.” 4)

Brachet, J. The Living Cell. Scientific American, vol. 205, 
No. 3, September, 1961.

2) Schmalhausen, 1.1. Cybernetic Problems of Biology. Novosi
birsk, Nauka Publishers, 1968, p. 209 (in Russian).

3) Dubinin, N.P. General Genetics. Moscow, Nauka Publishers, 
1970, p. 8 (in Russian).

4> Ncifakh, S.A. Foreword to Mechanisms of Cell Metabolism. 
Moscow, Nauka Publishers, 1967, pp. 3-4 (in Russian).

8 ^388
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In 1944, O.T. Avery, C.M. MacLeod and M. McCarty 
proved that DNA is responsible for transmission of heredi
tary properties in the pneumococcus, and since then DNA 
was supposed to be contained exclusively in the chromosomes 
of higher organisms and in their counterparts in lower 
forms. Yet, data has been accumulating, since 1963, that 
DNA is present in the plant chloroplasts, in mitochondria, 
the basic bodies of flagella and cilia (kinetosomes of the 
living cells and kinetoblasts of the single-celled organisms) 
and, apparently, even in the cell membrane. In their phy
sico-chemical properties and the composition of the nitro
genous bases, the DNA of the mitochondria and chloroplasts 
of the higher organisms differs from that of the chromosomes, 
bearing a marked resemblance to the DNA of bacteria. 
Mitochondria, chloroplasts, kinetosomes having DNA of 
their own, can reproduce independently of the DNA of the 
nucleus. This is, apparently, what actually takes place, 
though the mechanism of this self-reproduction is still 
obscure. It should be noted, however, that in spite of the 
possibility of some independence, the activity of all the 
cell’s organoids is strictly coordinated. They are intercon
nected by a network of direct bounds and feedbacks deter
mining self-regulation, stability and development. This is 
«n intricate system of interacting components instead of a 
conglomerate of independent parts.

Investigation of the DNA structure in various organisms 
(from viruses and bacteria to the higher animals and plants) 
furnished abundant and rather interesting fresh findings. 
An immense contribution to this field has been made by 
the Soviet researchers working under the guidance of 
A.N. Belozersky.1*

As stated above, the DNA in all the organisms studied is 
made up predominantly as a sequence of four nucleotides 
containing nitrogenous bases: adenine (A), guanine (G), 
thymine (T) and cytosine (C). The fact that adenine in the 
double helix of DNA is invariably attached to thymine, 
and guanine to cytosine, allowed E. Chargaff to formulate

X) Collected works: Structure of DNA and Position of Organisms 
in the System. Moscow, Nauka Publishers, 1972.
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Fig. 34. Variation of the con
tent of GC-pairs in the DNAof 
various groups of organisms.
The abscissa gives the percentage of 
GC-pairs; the ordinate shows the freq
uency of occurrence (after A.N. Be
lozersky)

the law that became known as the Chargaff’s law:
A _ i .  G__  , G +  A G +  T ,
T A’ C ’ C +  T ’ A + C
p I p

Ratio — T varies and can in some cases indicate the po-A-f- 1
sition of the organism in the system. A somewhat different 
indicator is commonly used: percentage of G+C in the total 
of nucleotides, i.e.

(G +  C) 100 
A + T + G + C

in short, GC percentage. The organisms, in which GG per
centage is higher than 50, belong to the GC type; the orga
nisms with less than 50 per cent of GG are placed in the 
opposite category, i.e. in the AT type.

The analysis of the GG percentage in various organisms 
made it possible to discover interesting regularities (Fig. 
34). This factor is most variable in bacteria, protozoa and 
fungi. The curve describing the variability of the GG per
centage in the above three groups has two peaks. In other

8*
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words, among the bacteria, protozoa and fungi there are 
organisms of both GG and AT types; the distinctly prono
unced GC type includes green algae and actinomycetes. Blue- 
green algae, viruses, higher plants and higher animals (in
vertebrates and chordates) belong to the AT type. In higher 
animals and plants, the variability in the GC percentage is 
minimum in spite of a tremendous variety of their morpho
logical characters. Consequently, this factor cannot serve 
as sufficient criterion of the phylogenetic relationship between 
the higher organisms.

In recent years, scientists have been exploring other 
methods allowing the analysis of the characteristics of the 
sequence of the nitrogenous bases in the DNA strand. Of 
particular interest is the method of molecular hybridiza
tion of DNA, worked out by the American scientists B. Ho- 
yer, B. McCarthy and E. Boltonl). The scientists have exa
mined the ability of one of the partners of the two-chain 
DNA helix isolated from the organism of a particular spe
cies to hybridize with the similar partner taken from anot
her species. Hybridization of the partners of the individuals 
of the same species had proved to be perfect. The more 
distant the genetical relationship between the species, 
the greater is the difference in the sequence of nucleotides 
in the DNA chain and the less perfect is the hybridization 
between them. The very first experiments demonstrated 
that percentage of hybridization of the DNA of man and 
that of the monkey is rather high. The DNA of man and 
that of the salmon hybridize much worse; the DNA of 
man and that of the bacterium cannot be hybridized at all.

The systematic groups of animals and plants have been 
found to differ in scale. For example, the difference in the 
sequence of nucleotides of DNA between families of the 
monocotyledonous plants is equal in scale to the difference 
between the classes of chordates.

Investigations employing the method of molecular hy
bridization involved some difficulties. Namely, the DNA 
of higher organisms proved to be non-homogeneous. A spe-

Hoyer, B.H., McCarthy, B.J., Bolton, E.T. A Molecular Ap
proach in the Systematics of Higher Organisms. Science, 144, p. 959, 
1964.
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cific kind of f)NA different from the basic nuclear one was 
discovered in mitochondria, plastids, in the cortical layer 
of cytoplasma and in some other cytoplasmic formations. 
Moreover, nuclear DNA also proved rather heterogeneous. 
First, it is composed of sections with some unique sequence 
of nucleotides and of fractions where the same sequence 
occurs many times. Second, apart from the basic DNA, 
the nucleus contains also the so-called satellite DNA whose 
concentration shows considerable variations even in the 
closely related organisms. The satellite DNA differs from 
the basic one in nucleotide composition; its amount in the 
rodents, for example, is as high as 10-15 per cent. DNA 
is the more heterogeneous the more complex the species, 
organization is.

The satellite DNA is synthesized in some cases, for exam- 
pie, in the sciara flies as a result of a change in the cell 
metabolism caused by infection.

The recurring sequences of certain sections in the DNA 
strand are normally formed in the course of the individual 
development of an organism too, for example during the 
formation of ovocytes. The so-called cytoplasmic DNA 
accumulates in the process. In the frog, for example, a part 
of the molecules of the cytoplasmic DNA are formed of 
quite long recurring sequences of nucleotides.

This recurrence of sequences as one of the forms of here
ditary variation must be essential for the evolution. It 
may eventually give rise to new genes with new functions. 
“Heterogeneity of the nuclear DNA is a significant evolution
ary acquisition. It materializes both in ontogenesis and 
phylogenesis providing opportunities for a labile and all
round development of the organism and offering wide pro
spects for its evolution.” 2)

The importance of the studies on the fine structure of 
DNA in various organisms can scarcely be exaggerated. 
There are reasons to expect that these studies will result 
in the establishment of the actual phylogenetic relationships 
between various groups of organisms, development of a

Vladychonskaya, N. S., Antonov, A. S. Organization of Poly
nucleotide Sequences in Genomes of Different Organisms. Collected 
works: Structure of DNA and Position of Organisms in the System. Mos
cow, Nauka Publishers, 1972, p. 275 (in Russian).
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quantitative method for measuring the organizational com
plexity, and better- understanding of the principles of evo
lution of hereditary structures of organisms.

Preformed Epigenesis

The organization of living organisms is not confined to 
the organization of the cell. The remains of the multicellular 
creatures occur as early as in the Pre-Cambrian deposits. 
Multicellularity meant the emergence of a peculiar duality 
in the continuity of generations. Over and above the ability 
of reproducing its structure, the cell became able to repro
duce the specific characters in the organization of a multi
cellular organism. Along with heredity arose ontogenesis— 
the individual development of a multicellular organism; 
the more perfect ontogenesis leading to better reproduction 
of the cellular organization was assigned to a success of the 
latter.

What are the two aspects in the development of the mul
ticellular organisms and how are they related to one another? 
In other words, what is the essence of heredity and the de
velopment of an individual? How can the cell, a formation 
of a comparatively small mass and rather simple organiza
tion give rise to a complex multicellular organism which 
bears no resemblance to it.

Scientists suggested different solutions of the problem. 
The dispute between the preformists and epigeneticists 
is rather well known. The former asserted that the egg or 
the sperm contain all the characters of an adult organism 
which are too small and transparent to be distinguished. 
The invisible characters become visible in the course of 
development. The adult organism with all its characteris
tics is, so to speak, preformed in the egg. Among the sup
porters of the preformation theory were the well-known 
scientists of the 17th and 18th centuries the Dutchmen Jan 
Swammerdam and Antony van Leeuwenhoek, the Swiss 
Albrecht von Haller and Charles Bonnet and the Italians 
Lazzaro Spallanzani and Marcello Malpighi.

Their opponents objected to such a predetermined deve
lopment. In their opinion, the structure of the egg is com
paratively simple and it contains no signs of future organi-
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zation. The rudiments of the organs, and later the organs 
themselves, arise during the development of an organism 
as a result of the influence exerted by the environment and 
the activity of a specific force directing the development 
along a certain path. Paracelsus, the German physician 
and alchemist, a Swiss by birth, called this power “archean”, 
the German scientist Blumenbach termed it “the formational 
impetus”. Development, according to these scientists, is 
an epigenesis, i.e., neogenesis of new parts and characters.

A rather essential contribution to the study of the causes 
of the development of the individual was made in the second 
half of the 18th century by the Russian scientist C.F. 
Wolff. When studying the development of chicken intestines, 
the start of the buds, leaves and individual parts of the flo
wer, Wolff constantly observed the emergence of new ele
ments. His research dealt a crushing blow at the primitive 
concepts of the preformists who visualized the development 
of the organism as a mere growth of the rudiments of its 
organs.

Wolff’s book received no attention from his contempora
ries. It was only fifty years later that the scientists recalled 
the book, and in 1870, a hundred years later, the French 
physiologist Claude Bernard wrote: “...From the works of 
the famous Caspar Friedrich Wolff we know that an orga
nism develops from the egg by means of epigenesis.” 1*

Though Wolff disproved the hypothesis of primitive pre- 
formism he failed to fully solve the problem concerning 
the factors of individual development. In fact, if the egg 
contains no rudiments of organs of an adult organism and 
is homogeneous how is it that a chicken invariably develops 
from the egg of a hen and a duckling hatches from the egg 
of a duck? Following Aristotle’s “entelechia”, Paracelsus 
and Blumenbach’s “archean” and the “formational impetus”, 
Wolff had to suggest the existence of a specific “creative 
force” which causes the uniform mucous (matter) of the egg 
to be turned into a complicated organism. Followed to its 
logical end, the epigenetic point of view of development, 
paradoxically though it is, inevitably led to preformism,

1) Bernard, C. De la physiologie generate. Paris, Hachette et co., 
1872.
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with the sole difference that it substituted for the material 
predetermination in the development with that of a non
material quality, i.e., postulated a kind of a “living force” 
governing the development. The concepts of Aristotle, Pa
racelsus and Blumenbach were thus revived on a new 
foundation.

It was only another hundred years later that a further 
step forward was made in comprehension of the factors of 
individual development. The 19th century marked the 
beginning of experimental research in biology. The impro
vements in microscopes made it possible to discover fine 
structures in the objects which had been previously regarded 
as structureless. 0 . Hertwig1) thought it was necessary 
to combine preformism and epigenesis; he coined a term— 
preformed epigenesis—which implied, on the one hand, a 
complex organization at the initial moment of development 
transmitted from parents to offspring and an obvious in
crease in complexity of the organization occurring during 
the development of an individual, on the other. How can 
this growth of complexity be accounted for and in what 
way does it occur? O. Hertwig held the external factors 
of development responsible for it. Thus the dispute between 
preformation and epigenesis had been reconciled, by the 
early 20th century, as synthesis of the two views.

The synthesis of preformation and epigenetic point of 
view on the experimental basis made it possible to get at 
the root of the functions performed by inherited features 
and by environment in the development of an individual. 
Heredity came to be regarded as succession of organisms 
in the reproduction phenomena embodied in the succession 
of cells. The notion of “inherited characters” was now con
ceived in more precise terms as it was identified with the 
structure of the cell, namely, the structure of the cell nu
cleus. The environment not only provides conditions for 
the development but is also its essential component. The 
German biologist, Erwin Baur, one of the founders of gene
tics wrote in 1911: “...the external characteristics of each 
individual depend on two tilings: first, on the specific inhe-

l> Hertwig, O. Praforraation oder Epigenesis? Jena, 1894.
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rited mode of reaction of the species to which the individual 
belongs, and, second, on the external environmental condi
tions in which this individual develops”. 1)

Nucleus or Cytoplasm

The synthesis of the views of the preformation and epi
genesis posed a new problem: how can a complex multi
cellular organism with a head, limbs, various systems of 
internal organs, sense organs and with its specific respon
ses to the environment develop from an egg comprising 
comparatively few components?

Analysing the relationship between heredity and indivi
dual development, some researchers attempted a differen
tiation of the substratum of the two phenomena. Thus, 
the famous German biologist E. Haeckel wrote as early 
as I860 that the nucleus is predominantly the organ respon
sible for heredity while cytoplasm is the organ concerned 
with the adaptation to environment. The Dutch botanist 
Hugo De Vries, an equally famous author of the mutation 
theory believed that the transmission of properties and 
their development are two different things: transmission 
was the function of the nucleus and development was that 
of cytoplasm. This view was shared by O. Hertwig.

It was further developed in the concepts of the American 
researcher Jacques Loeb. According to Loeb, the adult 
organism is roughly preformed in the structure of cytoplasm 
of the fertilized egg. The differentiation can be attributed 
to the fact that the cytoplasmatic sections of the fertilized 
egg differ in their initial qualities. The cell division is based 
on equal heredity as regards the properties of the nucleus 
while it is differentiated as far as the properties of cyto
plasm are concerned. Similar nuclei which find themselves 
in a different cytoplasm cause dissimilar differentiation of 
cells.

Experimental research by embryologists revealed that 
the concept of neo-preformation was limited too. In fact, 
the blastomere of the sea urchin isolated at the stage of

1} Baur, E. Einfuhrung in die experimented Vererbungslehre. 
Berlin, 4911, S. 9.
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eight cells developed into an ordinary larva. The blastomere 
of the egg of jellyfish undergoing cleavage was isolated at 
the stage of sixteen cells and developed into a normal jelly
fish. A fragment of tissue of the fresh-water hydra bearing 
no resemblance whatsoever to the egg, and anyhow having 
a different arrangement of cytoplasm elements than that in 
the egg, developed into an ordinary hydra. Centrifuging 
at great speeds can essentially displace at least the visible 
structures of cytoplasm but this does not disturb the de
velopment. True, in some organisms certain inclusions 
or outgrowths were observed in the cytoplasm; when these 
were removed the embryos had some organs missing. Other 
animals, however, had no differentiation of this kind. Con
sequently there is no reason to assume that the specific 
features of all the adult organisms are due to the distribution 
of some elements in cytoplasm.

Yet, if it is neither in the nucleus nor in the cytoplasm 
that something is preformed, which is responsible for the 
wide variety of the highly organized living beings, where 
does it reside and what is it like? Considering the functions 
of the nucleus and cytoplasm in the development and here
dity, the prominent American cytologist Edmund Wilson 
came to the conclusion that the entire system of the cell 
participates in the development. Another American scien
tist, Thomas Morgan, one of the founders of modern gene
tics and experimental embryology, rejected the theory on 
the prelocalization of the rudiments. He presumed that 
the egg cell was a developing individuum endowed with 
all its specific physiology. Morgan supposed that during 
the period of development there might be some interaction 
between the chromosome and protoplasm. “If the latter can 
change its differentiation in a new environment without 
losing its fundamental properties, why may not the genes 
also.” 1}

The subsequent advances in experimental embryology 
yielded an insight into the matter. Some years ago, the 
Soviet embryologyst G.V. Lopashov and English scientists 
R. Briggs and T. King developed a method for transplanting

X) Morgan, Th.H. Embryology and Genetics. Columbia Univ., 
New York, 1934, p. 234.
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the cell nuclei. The nucleus from a relatively specialized 
cell of the muscule rudiments, the eye rudiment or even 
from epithelial cell of the frog’s intestine was transplanted 
into an egg cell deprived of its own nucleus. If the operation 
was successful, normal adult frogs developed from these 
cells. These experiments suggest two conclusions.

First, even the nuclei of highly specialized cells retain 
their capacity to ensure a complete development. In other 
words, as far as heredity goes, all the nuclei of the developing 
or adult organism are equipotent. Second, the actual func
tioning of the nucleus depends on the kind of cytoplasm 
it is localized in. This was conspicuously shown by the Eng
lish scientist J. Gurdon1*. He observed that when the nuclei 
of the frog’s blood and cerebrum cells which had ceased 
their cleavage were transplanted into the denucleated eggs 
the synthesis of the nuclear substance was resumed.

The nucleus is an active organ of the cell performing 
multiple functions. Its functioning depends on its interac
tion with cytoplasm. In the cytoplasm of the egg cell, it 
ensures development of the entire organism, in the cytoplasm 
of the intestinal cells, it provides for the specific vital ac
tivity of the intestine cell. This supports Morgan’s infe
rence that the nucleus can function in different ways without 
losing its basic properties. The features of cytoplasm are 
in turn influenced by the nucleus.

By way of somewhat schematic picture, the cell nucleus 
is visualized as an arena where diverse sometimes competing 
processes operate. Cytoplasm which is the medium where 
the nucleus functions favours some processes and hampers 
others determining thus the actual direction of the nuclear 
activity. This activity engenders some alterations in the 
cytoplasm and provides new possibilities for the nucleus’ 
functions. Hence, “the nucleus and cytoplasm can only 
jointly determine features of morphogenesis” 2). Neither 
the nucleus nor the cytoplasm can be separately responsible 
for the course of development which depends on their in
teraction.

1} Gurdon, J.B. Adult Frogs Derived from the Nuclei of Single 
Somatic Cells. Develop. Biol., 4, p. 256, 1962.

2) Schmalhauzen, I. I. Regulation of Formbuilding in Individual 
Development. Moscow, Nauka Publishers, 1964, p. 78 (in Russian).
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Epigenesis of Preformed Entitles

How does the structure of the cell arise? In other words, 
in what way are the preformed entities produced? In general 
terms, how do parents transmit information on development 
to their offsprings? There are two opposite views on this 
problem too. They can be traced back to Hippocrates and 
Aristotle. Hippocrates maintained that special “represen
tatives” from all the parts of the body were supplied into 
the germ cells and that this ensured reproduction of these 
parts in the offsprings. Aristotle, reluctant to accept Hip
pocrates’ theory, supposed that the development of an or
ganism was controlled by some immaterial forming prin
ciple which was transmitted substantially unchanged from 
generation to generation via the male semen. The crude 
matter supplied from the mother is by itself incapable of 
development. The essence of development is immaterial. 
As a house-painter keeps some paint in his bucket so as to 
be able to paint several objects in the same colour, the si
milarity of characters in the successive generations is ac
complished by preserving invariable some forming element 
in the male semen. Hippocrates’s and Aristotle’s ideas re
vived in the latter half of the 19th century in the Darwinian 
hypothesis of pangenesis and in the teaching of F. Galton 
and A. Weismann on the immortal germ plasm materialized 
in the so-called germinal path.

Darwin, like Hippocrates, supposed that all the body 
cells detached from them some special material particles— 
gemmules—which collect in the germ cells and provide 
for the transfer of the parents’ features to their offsprings. 
Fransis Galton, Darwin’s cousin, conducting special expe
riments on blood transfusion in rabbits, observed no trans
portation of gemmules. He advanced his theory of heredity 
known as “the theory of rootstock” which was further deve
loped in Weismann’s “theory of germ plasm”. A. Weismann 
writes: “The germ plasm of a species never emerges anew, 
it only grows and reproduces passing on from generation 
to generation like a long creeping root with regularly spaced 
shoots which grow to become little plants, individuals of 
successive generations.”

Weismann, A. The Evolution Theory, London, 1904.
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Studies of the formation of germ cells in a number of 
organisms provided some confirmation for Weismann’s 
ideas. Thus, the German biologist T. Boveri discovered, 
in 1899, that the two very first blastomeres resulting from 
the cleavage of eggs of the hookworms of the horse’s ascaride, 
vary from each other: one of them initiates the body cells 
whereas the other starts the formation of the gonad (sexual 
gland) germ. A similar phenomenon can be observed in the 
Crustacea Cyclops and in many other insects. Yet, the early 
separation of the gonad germ is not a general rule. In par
ticular, in the vertebrates, the sex germ develops compa
ratively later, while in the plants, germ cells are always 
generated from the body cells.

But it is not the one-sided ideas of Weismann but the 
concepts of the French scientist Claude Bernard, one of the 
fou:aders of experimental biology, that fit in better with 
the modern views. In his lectures read in Paris in 1870 
Bernard said: “Before attaining the state of a free being, 
independent and complete, in a word, the state of an indivi- 
duum, the animal had passed through the state of the egg 
cell which wras a living element itself, an epithelial cell of 
its mother’s organism.”

In other words, formation of the egg cell with all its 
hereditary characteristics is determined by epigenesis of 
the mother’s organism. The development of the offsprings 
is a consequence of the development of their parents. The 
American cytologist Edmund Wilson2), the author of the 
well-known monograph “The Cell in Development and 
Heredity” also interpreted the structure of the egg cell as 
a result of the “preceding epigenetic process”.

Presently, the scientists have radically departed from the 
primitive notion picturing the formation of the egg cell 
as merely introducing a set of inherited properties (genes) 
into the relatively inert cytoplasm. The formation of the egg 
cell is, in effect, an involved epigenetic process in which 
(particularly in higher organisms) the whole of the mother’s

Bernard, C. De la physiologie generate, Hachette et co., Paris,
1872.

2) Wilson, E.B. The Cell in Development and Heredity (3rd ed.). 
New York, 1925.



126 EVOLUTION OF BIOSPHERE

organism takes part. In the course of the maturing divisions 
(meiosis), oocyte (the maturing egg cell) receives mother’s 
DNA; cytoplasm and specific surface (cortical) layer are 
formed. DNA containing mitochondria are transmitted 
together with cytoplasm. In the plants, in addition to this, 
chloroplasts with their own DNA are supplied into the cy
toplasm of the growing egg cell. The growth of the oocyte 
of higher organisms is accomplished in many cases due to 
a vigorous activity of specific cells supplying it with nu
trients and transmitting their mitochondria into it (diving 
beetle, Drosophila).

In many animals, an essential role in the formation of 
oocyte is performed by the surrounding cells, the so-called 
follicle. The follicle synthesizes substances to be entered 
into the growing oocyte, and simultaneously works as a 
filler to sort out the substances coming from outside.

Of particular importance is the surface layer of proto
plasm, the carrier of the cortical field, which, apparently, 
contains DNA of its own. The Dutch embryologist Ch. Ra
ven n believes that the cortical field is a sort of “imprint” 
on the egg of the surrounding ovary structures. The fea
tures of the cortical layer determine a certain organization 
of the egg which controls the course of development at the 
initial stages.

In addition to the hereditary code embodied in the spe
cific sequence of nitrogenous bases, the future organism 
therefore, receives from his parents a decoding organiza
tion—the decorg—which can decipher this code. The more 
complicated is the organism, the more intricate is, obvio
usly, the hereditary code and the more perfect is the decorg 
which is responsible for taking up and decoding the infor
mation contained in the DNA. Otherwise the information 
would be wasted (Fig. 35).

Norbert Wiener, the founder of cybernetics, writes that 
when one is listening to a piece of music, most sounds effect 
one’s sense organs and come to the brain. Yet, if one lacks 
the habit necessary for aesthetical comprehension of the

1} Raven, Ch. Oogenesis. Pergamon Press, New York, Oxford, 
London, 1961.
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Fig. 35. Diagram of zygote struc
ture:
1—DNA (hereditary code); 2—nuc
lear membrane; 3—nucleolus; 4—cell 
membrane; 5—cortical plasm; 6— 
endoplasmic reticulum; 7—ribo
somes; 8—mitochondria; 9—centro- 
somes; 10—food granules (2-9—de- 
corg)

piece of music and has no appropriate capacity to perceive 
it, this information will run across a barrier. 1}

We can explain it more vividly by comparing this infor
mation with the knowledge stored in the books. This know
ledge can be absorbed and applied only by a person who 
has received the necessary education and is capable of in
dependent thinking. The ability to pick up and decode in
formation depends thus on the structure, organization, 
erudition of the receiving apparatus. If the DNA chain 
contains the hereditary code, the decorg must be able to 
decipher it. This is what actually takes place. Sometimes 
even more extraordinary things happen. For example, the 
cytoplasmic organization of bacteria can decipher not only 
the code of its own DNA but also that of the DNA virus. 
In the case of interspecific hybridization decorg has to de
cipher different codes.

During the experiment, it is possible to withdraw the 
hereditary code from the cell together with the nucleus 
and replace it by another one; this is what was done when 
the nuclei were transplanted from differentiated cells into 
egg cells or when the nucleus was transplanted from the

Wiener, N. Cybernetics and Society. Eyre and Spottiswoode, 
London, 1954.
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cytoplasm of amoeba of some species into the cytoplasm 
of amoeba of another species. Cells go on functioning 
even after such microsurgical operations. The cytoplasm 
proved capable of “reading” information received from 
different nuclei. Thus the development of the organism is 
controlled by the interaction of at least three components:
(1) hereditary programme preformed in the DNA structure;
(2) decoding organization which develops epigenetically 
(decorg); (3) external conditions of development. Decorg 
is continually readjusted by DNA, on the one hand, and 
by external factors, on the other; this improves its capacity 
to “read” the hereditary code.

To be able to decipher the complex hereditary code, or 
as it is termed today, to derive information from it, decorg 
must be no less complex. There are two ways for this: the 
decorg may be either complex enough from the very start 
or increase its complexity during the interaction with the 
hereditary code.

It is the latter case which is observed in the individual 
development of organisms. Decorg develops and its capacity 
of decoding improves as it reads hereditary information 
and absorbs additional information from the environment.

The hereditary information contained in the DNA strand 
can be fully decoded only as the developing organism in
creases its complexity. When the appropriate conditions 
are not provided, the hereditary information cannot be 
read. In this case the term “repressed information” is some
times used. A fertilized egg of the mammal develops into 
an adult organism with all its varied characteristics. Leu
kocyte of the blood channel, identical to it as far as heredity 
goes, performs rather restricted functions; the difference 
between them is the difference in their decorgs.

In the artificially cultivated cells of various tissues, 
the distinction between the cells, as a rule, persists for 
many (apparently, an infinite number of) generations. 
These differences cannot be attributed to heredity as the 
tissues are taken from the same organism and, consequently, 
bear the same hereditary information. It is the differences 
in the decorgs of cells of various tissues that are, obviously, 
responsible for these distinctions, which are referred to as 
“epigenomous”.
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Some authors report their attempts at estimating the 
amount of information contained in various components 
of the fertilized egg or in the bacterial cell (H. Quastler, 
H. J. Morovitz, and others). Proceeding from these esti
mates, Ch. Ravenl) concludes that the amount of informa
tion contained in the structure of cytoplasm, including 
the cortical held, cannot be less than that stored in DNA. 
One may disagree with Raven’s calculations and his actual 
estimates which are but of a relative value; yet it is quite 
evident that information transmitted to the egg by the 
adult organism is not confined to the message obtained 
from DNA. “...Too inany factors,” Brachet wrote, “indicate 
that in the very first stages of development, cytoplasmic 
organization plays a leading role.” 2)

Thus we use the term “individual development” to indi
cate the preformed epigenesis, whereas the organization 
of germ cells must be viewed as epigenesis of preformed 
entities. In other words, there can be no preformation unless 
there is epigenesis; neither can epigenesis occur without 
preformation. Consequently, modern views are the result 
of a peculiar synthesis of the positive aspects of the Dar
winian pangenesis and Weismann’s idea of the continuity 
of germ plasm. Continuity of the process of development 
is due to epigenesis of-sex cells. Continuity of life is ac
complished not only through the continuity of the whole cell 
organization, i.e., it depends not only on hereditary code, 
but it is also a result of formation of a specific decorg. 
Parents transmit to their offsprings not only a hereditary 
code hut also a decoding mechanism which develops in the 
process of ontogenesis!

Phenotype and Genotype

The Danish physiologist W. Johannsen coined, in 1909, 
scientific terms gene, genotype, phenotype which became 
generally accepted. The term phenotype indicates the sum

X) Raven, Ch. Oogenesis. Pergamon Press, New York, Oxford, 
London, 1961.

2) Brachet, J. The Role of Nucleib Acids in Morphogenesis. In: 
Progress in Biophysics, Pergamon Press, New York, Oxford, London. 
1965, vol. 15, p. 121.

9 — 383
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of the observable properties of an organism; genotype is 
used to designate the combination of hereditary characte
ristics, or genes. In his later works W. Johannsen gave a 
more accurate definition of these terms. In 192(5, in the third 
issue of his classical work “Elements of the Exact Teaching 
on Heredity” he wrote: “The basis of individuum is surely 
provided by the constitution of the two gametes whose 
fusion gives rise to an organism... . Genotype, as represented 
in a zygote, predetermines all the possibilities of the deve
lopment of an individual that has been brought into exis
tence due to the fertilization and, consequently, indicates 
the reaction norm of the given organism... . The phenotype 
of an individual is defined by use as the set of characters 
which can be directly observed or analysed. It appears 
as distinctly composite: morphologically as elements used 
in building, physiologically as the various characteristics 
or functions, and chemically as individual constituent parts, 
etc. Yet, a living organism should be considered as an 
integral entity, as a whole system not only in an adult 
organism but also throughout its development... . Pheno
type is not a mere sum of properties; it represents very 
involved relationships... actual characteristics of each 
organism, its phenotype, are often determined by highly 
involved relationships between the genotype and the 
environment.” °

W. Johannsen did not associate the concept of gene with 
any material element of the cell and regarded gene as a 
unit of hereditary characters and differences. Genetics, 
however, took a different course of development. In 1903, 
W.S. Sutton and T.II. lioveri discovered the relationship 
between the Mendelian factors and chromosomes. Genetics 
owes the identification of the gene with a part of chromosome 
to the successful studies by the school of the American 
scientist Th. Morgan. Gene came to be viewed as a part 
(locus) of chromosome. As genotype was, according to 
W. Johannsen, a combination of genes, in the new 
Morganist interpretation it was identified with the set of 
chromosomes.

Johannsen, W. Elemente der exacten Erblichkeitslehre. G. Fisher, 
1926, S. 165-170.
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The development of biochemical and more recently of 
molecular genetics made it possible to identify the heredi
tarily significant part of chromosome or its counterparts 
in bacteria and viruses. This proved to be DNA (in some 
viruses RNA). Logic in the development of genetics dictated 
the following equality: genotype =  chromosomal DNA. It 
follows from this equality that genotype in its modern con
cept greatly differs from the interpretation given to it by 
W. Johannsen: the modern concept is much more restricted. 
Evidently, the best way out of the present terminological 
difficulties is to stick to Johannsen’s interpretation of the 
concept of genotype which is, according to him, the heredi
tary structure of an organism, and use the term genome, 
which is often done, to refer to the full set of genes carrier 
by a single gamete.

Individual cell organoids, including such essential ones 
as the DNA strand, are parts of the cell phenotype, i.e. a 
distinct form of existence and manifestation of genotype 
at the cellular stage.

Considering the relationship between genotype and phe
notype in the terms of philosophical categories, Academi
cian N.P. Dubinin, the well-known Soviet genetist, writes: 
“Phenotype is the phenomenon while genotype is the essen
ce.” According to this interpretation, which seems to be 
perfectly correct, genotype must be fully manifested in 
phenotype, whereas phenotype, which is the result of in
teraction between genotype and the environment, is inva
riably more involved and varied than genotype. Thus we 
can assert that organisms belonging to the same genotype 
may differ in their phenotypes. The opposite assertion on 
the possibility of the existence of genotypic differences 
which has no manifestation in phenotype is, obviously, 
erroneous. Differences in the essence must be manifested 
as differences in phenomena. In particular the specific 
sequence of nitrogenous bases in the DNA strand is not 
only the manifestation of hereditary essence but also one 
of the phenotypic features of the cell. Paradoxical as it may

Dubinin, N.P. Modern Genetics in the Light of Marxist-Le- 
ninist Phylosophy. Collected works: Lenin and Modern Natural Sci
ences. Moscow, Mysl Publishers, 1969, p. 303 (in Russian).

9 *
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seem, genome as the set of chromosomal genes must be, 
obviously, included in the category of phenotypic features. 
It is just an element of the cell phenotype—one of the mani
festations of the genotype at the cell level.

Since different phenotypes develop, under different con
ditions, from the same genotype, the genotype is potentially 
richer than the phenotype. From this correct observation it 
has often been erroneously concluded that the genotype 
contains greater amount of information than each indivi
dual phenotype. The error in this case is that the.potentia
lities are quantitatively compared with what actually 
takes place, with the actual realization of these potentia
lities. A new-born child is, certainly, potentially richer 
than an adult man, but no one would assert that it is richer 
informationally as well.

In the course of individual development of an organism 
the genotypic potentialities are realized in the phenotype. 
The actual process of the realization of these potentialities 
depends on the factors of the environment.

Protoorganisms were able to evolve into man. Yet we 
cannot assert on these grounds that they were information- 
ally richer than we are.

The adherents of the view that the genotype is informatio
nally richer than the phenotype quote the recently disco
vered fact of DNA informational redundancy as evidence 
in favour of their concepts. They argue that since the num
ber of the DNA hereditary molecules is considerably greater 
than that required to form a normal phenotype, genotype 
contains more information than phenotype does.

However rather little insight has been gained as yet into 
the functions of the DNA of the cell. It is very unlikely 
that natural selection should exhibit such a marked persis
tence in preserving obviously excessive structures. It is more 
likely that in addition to its known functions, DNA has 
some unknown ones which are essential for the life of 
the cell.

Besides, as indicated above, the DNA strand itself is 
only one of the elements of the cell phenotype and, as 
such, is a part of the organism phenotype. Hence, being 
a part of phenotype it cannot be greater than the entire 
phenotype.
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The problem of the relationship between genotype and 
phenotype has been lucedly formulated in the book of Paul 
Ehrlich and Richard Holm. “I't is common practice to draw a 
sharp line between genotype and phenotype. As a pedagogic 
device, this is useful for emphasizing the relative perma
nence and continuity of the genetic information, and, alt
hough an oversimplification, it has led to considerable 
progress in the science of genetics. However, it has also 
led to the impression that the genotype is somehow the basic 
entity and that the phenotype is merely a crude reflection 
of the genotype (the image of which has been distorted by 
the environment). One might well wonder why selection 
has not done away with the phenotype altogether, permitting 
the genotype to evolve unsullied. The answer is, of course, 
that what can be separated in textbooks or in theory cannot 
be separated in living organisms. If the genetic material 
were dissected from a fruit fly, one would obtain a long 
meaningless string of nucleotides, itself an aspect of the 
‘phenotype7. It is clear that at this level of study the dis
tinction between genotype and phenotype is meaningless. 
The genetic information becomes meaningful biologically 
only when it is translated through contact with the environ
ment. Indeed, the value of the information is judged only 
by the translation, not the original. Natural selection ope
rates on the phenotype, not directly on the genotype, which 
merely determines the responses of the developing organism 
to the environment.”1*

Comparing the idea of interactions of genotype and 
phenotype given by P. Ehrlich and R. Holm with the 
initial notion given by W. Johannsen (see page 130) it 
is not difficult to understand their practical identity. 
According to Johannsen, genotype is also the aggregate 
of potentialities, norm of reactions, i.e . the hereditary 
information as now we call it.

Johannsen’s phenotype is a real developing organism, 
the aggregate of actual signs on all stages Of development, 
i. e. the expression of intricate interactions of the geno
type find evironment.

Ehrlich, P.R., Holm, R.W. The Process of Evolution. McGraw- 
Hill Book Company, New York, London, 1963, pp. 59-60.
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The fact that environmental factors are very important 
for the development of the phenotype has led some scien
tists to the other extreme; they thought it necessary to give 
some special designation to the things in the organism that 
are not inherited. In particular, the prominent German 
geneticist G. Siemensv has coined the term “paratype”. 
Johannsen argued convincingly against this innovation and 
was quite right in his criticism. He writes: “Everything 
included in the phenotype, that is to say, all the properties 
in general observed in an organism as such are not inherited. 
They always manifest direct or indirect responses of the 
genotype (idiotype, according to Siemens) to the factors 
of the environment. Siemens’s term 'paratype’ seems to 
imply that there are traits which have nothing to do with 
the genotype of the given organism, i.e. ‘purely phenoty
pical’ ones. Yet, no traits of this kind are present in an 
organism. Nothing can be ‘purely phenotypical’ since phe
notypes are necessary responses of the genotype... . For 
example, the specific processes used by an organism to 
heal its wounds, the way it responds to infections, trans
plantations and other external effects are, certainly, deter
mined directly or indirectly, by the genotype of the given 
organism, for example, through endocrine secretion.”* 2) 
In brief, phenotype—the features which are not inherited— 
is a form of materialization of genotype, or the characters 
inherited, under particular conditions of life. All the cha
racters of the developing organism, including those of the 
cell, as well as various forms of behaviour are genotypically 
conditioned but are not inherited; Genotypical conditio
nality is not synonymous to heritability.

Thus, according to Johannsen, phenotype is the result 
of interaction between genotype and the environment. In 
other words, decoding of genotypical information in pheno
type is accomplished by absorbing substance, energy and 
external information from its environment. Thus absorption 
and conversion of information obtained together with the 
spbstance and energy underlie the vital activity. A.I. Berg

X) Siemens, G • Konstitutions und vcrebungspathologie, Berlin, 1921.
2) Johannsen, W. Elemente der exacten Erblichkeitslehre. G. Fisher, 

1926, S. 708.
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and B.V. Biryukov write that “...if the living beings were 
not endowed with sense organs and other ‘mechanisms’ for 
taking up information, or if there were no informational 
field, life on the Earth could neither emerge nor exist”. 1}

Paradox of Individual Development

The problem of the relationship between genotype, en
vironment and phenotype has acquired a new meaning in 
the context of the information theory.

Publication of works of the American mathematician 
Claude Shannon dealing with the transmission of a certain 
amount of information through the communication chan
nels, stimulated attempts to apply the laws he had worked 
out to express some biological processes in a quantitative 
form. S. Dankoff and H. Quastler* 2) and, somewhat later, 
Ch. Raven3) undertook calculations of the amount of in
formation stored in an egg cell and in an adult multicellular 
organism. Since there are only two sources of information, 
the genotype of the egg cell and the environment, the amount 
of information contained in an adult organism may be re
presented as the sum of inherited information ( /egg) and 
that drawn from the environment ( /env).

In other words, the equality /admt^egg+^env must be 
observed, where / adult is the information contained in the 
adult organism.

Applying the methods used in information theory, the 
researchers calculated in bits, the amount of information 
contained in an egg cell and that in an adult organism.

According to Dankoff and Quastler, the amount of infor
mation contained in the organism of an adult mammal is 
/ aduit= 1025 bits. Using the same method of calculation, 
Ch. Raven estimated that the amount of information in 
the germ cell of the mammal ( /egg) is of the order of 1015 bits.

u Berg, A.I., Biryukov, B.V. Cybernetics and the Progress of 
Science, and Technology. Collected works: Lenin and Modern Natural 
Sciences. Moscow, Mysl Publishers, 4969, p. 350 (in Russian).

2) Dankoff, S., Quastler, H. The Information Content and Error 
Rate of Living Things. Information Theory in Biology. Univ. Illinois 
Press, 1953.

3) Raven, Ch. Oogenesis. Pergamon Press, New York, Oxford, 
London, 1961.
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Thus, the information contained in an adult organism is 
by 10 orders greater than that in the initial egg cell. The 
ratio of original and ultimate information, expressed in 
the order of values, is similar to the ratio of one milligram 
and ten tons!

Information cannot arise from nothing, therefore that 
information derived by an organism from the environment 
in the process of individual development is very great but 
not greater than that contained in the original egg cell.

Let us consider some facts from a different sphere. It is 
invariably a chicken and never a duckling or a rook that 
hatches from a hen’s egg, no matter how widely diverse 
the conditions of development may be provided they are 
not inhibitive for growth. The normal development of a 
hen’s egg requires a certain temperature, oxygen, some mo
isture—the conditions which seem to carry comparatively 
little information of its own.

The animals feeding on other organisms do not make 
use of the information contained in the compound sub
stances of these organisms until they have decomposed 
them into comparatively simple compounds—amino acids, 
simple sugars, etc.—of which they subsequently build the 
substances of their body anew. The supply of amino acids, 
simple sugars and vitamins ensures normal development 
of the animals.

Proceeding from the observations such as these and fron 
the evidence provided by molecular biology, many resear
chers have concluded that all the features of individual 
development are strictly determined by the structure of 
DNA which is the sole carrier of specific information. The 
environment is viewed as merely the background against 
which the involved processes unfold, those of recoding the 
information stored in DNA into a great variety of indivi
dual’s development. The only source of information de
termining the whole course of development is, virtually, 
the DNA of chromosomes, i.e. the genes. The general flow 
of information is always directed from genes to characters.

Thus, on the one hand, the above estimates of the amount 
of information suggest that environment plays an essential 
part as a source of information, while on the other, the 
every-day experience supported by the data of molecular
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biology indicates that even though the factors of the envi
ronment carry some information, its amount is infinitesi
mally small compared with the information contained in 
the structures inherited by the organism. We are con
fronted with an apparent paradox: the original heteroge
neity, and consequently, the amount of information increa
ses by many orders due to absorption of substance and energy 
which seem to carry relatively small supply of its own in
formation.

The estimates made by Dankoff and Quastler and, some
what later, by Ch. Raven are certainly “fantastically inac
curate”, as the well-known English biologist C.H. Wad- 
dington qualifies them. At the same time he is forced to 
admit that “it seems quite obvious to common sense that a 
rabbit running round in a field contains a much greater 
amount of variety than a newly Fertilized rabbit’s egg... . 
Could an adult rabbit have got its extra information, addi
tional to that in the zygote, from the grass it ate? I frankly 
don’t know the answer” 2).

Waddington gave full credit to the information theory 
used in communications engineering and believed that it 
could be usefully applied for analyzing the transmission 
of hereditary characteristics from parents to offsprings, 
the phenomena of DNA replication and for the description 
of the processes leading to the matrix synthesis of protein. 
Yet, at the subsequent stages of individual development 
characterized by the processes of morphogenesis the infor
mation theory becomes, according to Waddington, not 
only useless but even dangerous.

Waddington is quite right in warning that it is dangerous 
to apply Shannon’s classical information theory worked 
out for communication channels, i.e. for closed systems, 
to the analysis of morphogenesis. The organism is an open 
system which exists by exchanging substance and energy 
with the environment. As has already pointed out, the spe
cific character of individual development of the organism 
is created by preformed epigenesis, which depends not only 
on the genotype but also on the factors of the environment.

Towards a Theoretical Biology. Prolegomena an I UBS Symposium, 
ed. by C.H. Waddington, Edinburgh University Press, 1968, pp. 7, 8.
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What part is actually performed by these factors? Can a 
developing rabbit get from the grass it eats besides sub
stance and energy, additional information in addition to 
that stored in the zygote? We shall attempt to give an ans
wer to this question.

We should differentiate between the specific hereditary 
(genotypic) information determining that it is a hare and 
no other animal that develops from a hare’s egg cell—and 
the information contained in all the objects and phenomena 
of the surrounding world. The specific features of the hare 
are not to be found anywhere in the environment before 
they get into the organism in the process of development— 
they are stored in its germ cells. Yet they can get realized 
only by the process of drawing from the environment some 
set of chemical elements and the simplest organic and mi
neral compounds which possess certain properties, some or
dered structure, information. Need of all the organisms in, 
say, sodium cannot be accounted for by the fact that it is 
one of numerous inert building blocks making up the orga
nism. Sodium has some specific properties different from 
those of other chemical elements. Sodium is drawn from the 
environment because the organism depends for its formation 
on the properties and information possessed solely by this 
element.

A house is built after a certain design which determines 
its specific character. Yet this specific character alone is not 
sufficient to build a house; to do this, specific characteris
tics of the building material, mechanisms, a team of skilled 
workers, etc. are also needed. A house is not contained in 
wood, brick, concrete, glass, but no house can be built 
without specific properties of these materials and their 
arrangement in a certain order. Organization of any exten
sive business involves an integration of knowledge and 
skills of the performers.

The individual development of an organism is precisely 
such a process of selection and integration of a diverse in
formation derived from environment and conditioned by 
the hereditary organization of the egg cell.

A well-known Soviet biochemist Academician A.A. Baev 
writes, among other things, that the formbuilding of bio
logical macromolecules is based on “simple archaic forces
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of intermolecular interactions. They have neither emerged in 
the course of evolution of living nature nor been programmed 
in the hereditary mechanism of cells but have been inherited 
ready for use from abiological forerunners. In living beings, 
intermolecular interactions find themselves in a more com
plicated surrounding; they operate at the level of a higher 
organization and acquiring as though new possibilities 
for their self-expression lead to the creation of unique bio
logical structures” 1).

The importance of hereditary information lies not with 
its ability to determine all the finest details of the structure 
of the developing organism but with the capacity of' the 
complex system to select from the environment a specific 
set of external conditions of development which would 
be effective agents for materializing hereditary information 
in the processes of morphogenesis.

Baev, A. A. Association of Biopolymer Molecules, Its Functional 
and Biological Role. Vestnik of Acad. Sc. of the USSR , 1971, No. 2, 
p. 57 (in Russian).



Chapter 5

FACTORS OF THE BIOSPHERE EVOLUTION

In questions of selection, the 
conditions of nutrition as well as 
those of development are a matter 
of a prime importance.

N.I. Vavilov

In the preceding chapters we have shown the biosphere 
to be an involved system whose active components are nu
merous species of animals, plants and microorganisms. 
During the biosphere evolution the process of transformation 
of the living system never ceased: some species changed 
swiftly, others survived for millions of years practically 
unaltered and still others after having acted for some time 
on life’s scene ultimately went out of existence.

What are the factors determining the development of life 
and the succession of its forms leading to progress? This 
question has been differently answered by various scientists. 
Some followed in the wake of the author of the first theory 
of evolution, the renowned French scientist Jean Lamarck, 
maintaining that the main evolutionary factors are an in
born tendency for self-perfection—a factor of an apparently 
immaterial nature—and adaptation to environment by 
inheritance of characters acquired during lifetime.

The uneven development of different species, the frequent 
instances of extinction not only of single species but of 
larger taxons (genera, families, orders and classes) contra
dict these views. Indeed, if a continual process of perfection 
is proper to everything alive, why is it that not all living 
organisms manifest this property? The other corner-stone 
of Lamarck’s theory—the teaching on the inheritance of 
acquired characters—was soon rejected by critical scien
tific minds as clashing with what was known about the me
chanism of inheritance.

Other scientists, who are followers of Charles Darwin, 
assign a key importance to variability, heredity, struggle
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for existence and natural selection and deny all kinds of 
non-material factors. This scientific school has stored vast 
amounts of factual data, shed much clearer light on the 
roles of various phenomena in the evolution than could be 
known in Darwin’s time. Monographs by 1.1. Schmalhau- 
sen1*, J.S. Huxley2), Th. Dobzhansky3\  N.P. Dubinin4), 
N.V.. Timofeev-Resovsky, N.N. Vorontsov, A.V. Yablo- 
kov5) 6, the collection “Contemporary problems of evolutio
nary theory,,8), the monograph by K.M. Zavadsky7) and 
various other books and papers offer scrupulous analyses 
of the stores of data accumulated by proponents of the Dar
winian view of evolution.

The American geneticist S. Wright8) is credited for the 
first attempt at a quantitative evaluation of the degrees 
to which evolution is affected by variability, population 
size, isolation, selection and other evolutionary factors. 
He has come to the conclusion that what is needed is a joint 
action of all these factors. This view is shared by a majo
rity of scientists exploring the problem of the evolution of 
the organic world from a Darwinist standpoint.

4) Schmalhausen, 1.1. Organism as a Whole in Individual and 
Historical Development. Moscow-Leningrad, The Publishing House 
of the Academy of Sciences of the USSR, 1938; idem. Pathways and 
Regularities of the Evolutionary Process. Moscow, The Publishing 
House of the Academy of Sciences of the USSR, 1939; idem. 
Factors of Evolution. Moscow, The Publishing House of the Academy 
of Sciences of the USSR, 1946; idem. Cybernetic Problems of Biology. 
Novosibirsk, Nauka Publishers, 1968, p. 39 (in Russian).

2) Huxley, J.S. Evolution. The Modern Synthesis. London, Allen & 
Unwin., 1963.

3) Dobzhansky, Th. Genetics and the Origin of Species. New York, 
Columbia Univ. Press, 1947.

4) Dubinin, N. P. Evolution of Populations and Radiation. Moscow, 
Atomizdat Publishers, 1966 (in Russian).

5) Timofeev-Resovsky, N.V., Vorontsov, N.N., Yablokov, A.V. 
Brief Outline of the Theory of Evolution. Moscow, Nauka 
Publishers, 1969 (in Russian).

6) Contemporary Problems of Evolutionary Theory. Ed. by V .I. 
and Yu.I. Polyanskikh. Leningrad, Nauka Publishers, 1967 (in Rus
sian).

7) Zavadsky K.M. Species and Species-formation. Leningrad, Nauka 
Publishers, 1968 (in Russian).

8) Wright, S. Evolution in Mendelian Population. “Genetics”, 
1931, vol. 2, No.' 16.
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There was no consensus of opinion in the Darwinists’ 
ranks. In particular, beginning with the theoretical articles 
by A. Weismann the school of neo-Darwinism made its 
appearance which reduced the role of environment to the 
mere sorting out of hereditary changes arising independently 
of it.

A major contribution to advance of the Darwinist concept 
of evolution was made by genetics. It is a curious fact that 
in the early years of its vigorous growth genetics was aligned 
with anti-Darwinism. It was not earlier than the late 1920s- 
early 1930s that S.S. Chetverikov1] in the USSR, R. Fi
sher 2), J. Haldane3) in Britain and S. Wright4) in the 
USA arrived at the idea that genetics was by no means a 
stumbling stone but a strong foothold for Darwinian views. 
A new line of research was hatched from these studies which 
became known as the genetic theory of natural selection or 
the teaching of microevolution. Microevolution is con
ceived as the genetic processes occurring inside a species and 
resulting in formation of varieties and, later, new species. 
The chief factors of microevolution are the hereditary va
riability and natural selection.

Categories of Intraspecific Variability

It follows from the notions of genotype and phenotype 
that there exist three main categories of intraspecific varia
bility:

1. The genotypic variability, mostly the DNA variabi
lity.

The prime source of the genotype variability are muta
tions. This term applies to stable changes of genes or re
structuring of chromosomes or chromosome complexes that 
are transmitted from generation to generation. In interbreed-

x> Chetverikov, S.S. On Certain Features of the Evolutionary Process 
from the Viewpoint of Modern Genetics. Zhurnal eksperimentaVnoi 
biologii. S. A, T-2, issue 1, 1926.

2) Fisher, R.A. The Genetical Theory of Natural Selection. Oxford, 
Clarendon Press, 1930.

3> Haldane, J.B. The Causes of Evolution. New York, Longmans 
and Green, 1932.

4) Wright, S. Evolution in Mendelian Population. “Genetics", 
16, S. 97-159, 1931.
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ing gene mutations may get combined and thus expand the 
scope of genotype variability. Following the pioneering 
studies by S.S. Chetverikov, who has discovered a vast 
hereditary variability in a wild population of drosophila 
fly, numerous explorers showed it to be no exception but a 
commonplace biological phenomenon. All the wild plant 
and animal species investigated proved to be pervaded 
throughout by mutational changes of the genes. The heredi
tary variability of wild populations of organisms is a 
soundly proven fact.

2. The second category is variability caused by differing 
developmental environments of individuals belonging to 
the same genotype. This variability is called modificational.

3. The third category is the phenotypic variability, i.e. 
variability of the actual features of developing organisms 
which is manifestation of both variability of genotypes and 
the dissimilarities of environmental conditions of develop
ment.

Microevolution

For microevolution the genotypic variability is certainly 
decisive. The regularities of microevolution have been 
clearly set out by N.V. Timofeev-Resovsky, N.N. Voront
sov, A.V. Yablokov1*. These scientists started by distin
guishing several classes of evolutionary events. These were 
the notions of elementary evolving unit, elementary evo
lutionary phenomenon, elementary evolutionary material, 
elementary evolutionary factors and the starting mechanisms 
of the evolution and species formation.

An elementary evolving unit is population, i.e. a group 
of individuals of one species confined to a certain habitat 
area and by virtue of this appearing as a unity in a certain 
sense. Populations of ampliigenetic species are marked 
by the essential possibility for unimpeded cross-breeding 
between the mating partners.

The notion of population as an elementary evolving 
unit is the main point distinguishing the Darwinian idea 
of evolution 'from the Lamarckian one. Lamarck and his

J) Timofeev-Resovsky, N.V., Vorontsov, N.N., Yablokov, A.V. 
Brief Outline of the Theory of Evolution. Moscow, Nauka Publishers, 
1969 (in Russian).
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followers viewed the individual as the elementary evolving 
unit.

An elementary evolution phenomenon is conceived as 
a stable change of a population’s hereditary composition. 
The elementary evolution material is all kinds of muta
tions and combinations of these. Indeed, in the final ac
count all persistent, new hereditary features are associated 
with some change of genotype. This change, in turn, occurs 
through various mutations or combinations of these.

For a persistent evolutionary shift to arise, at least four 
categories of elementary evolutionary factors must be at 
work. These are: the process of mutation, the numerical 
fluctuations of individuals, so-called “waves of life”, iso
lation and natural selection.

The process of mutation supplies the elementary evolu
tionary material. In itself it is not enough, however, for 
the evolution to take place, since, first, mutations occur 
in diverse directions and, second, a majority of them bear 
a destructive effect. Taken alone the process of mutation 
is bound to destruct what has been acquired rather than to 
give rise to anything new.

Fluctuations in the number of individuals are observed 
on a lesser or greater scale in all natural populations. These 
fluctuations eventually result in an increase of the number 
of individuals carrying some new trait. However, this 
factor, too, is incapable of giving the hereditary change of 
population along a definite direction.

A very important factor of evolution is isolation. Evi
dently, if individuals with the newly emerged character are 
not isolated from the parent population this will not result 
in the appearance of new forms. The isolating mechanisms 
may be of various nature. This may be a spatial or seasonal 
isolation, isolation due to new behavioural features that 
have been developed by some individuals, etc.

A major evolutionary factor is natural selection. It is 
only natural selection that determines the trend of evolu
tionary change of a population.

According to 1.1. Schmalhausen, natural selection per
petually occurs in two forms—directional and stabilizing. 
The directional form of natural selection leads to a law- 
governed change of population in a certain direction. By
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way of illustration one can cite the ousting, by the dark- 
coloured mutant of the peppered moth, of the original light- 
coloured variety. Over a hundred years ago, in 1848, in 
England near Manchester dark-coloured moths of this 
species occurred but rarely along with the normal light- 
coloured variety. In the countryside, the light colouring 
is protective for the peppered moth: the butterflies are 
almost indiscernible against the background of tree bark 
overgrown with lichen where they sit in the daytime and 
the birds do not notice them. The dark-coloured mutant 
form, on the contrary, stands out against a light background 
and easily falls a prey to birds. In industrial areas where 
the tree stems are to be soiled with soot the dark-coloured 
moths gain an advantage and precisively quickly oust the 
light-coloured ones. The process is not restricted to the pe
ppered moth. Of 760 English butterfly species about 70 
moths have changed their light colouring for dark one 
during the past century. This phenomenon is equally obser
ved in industrial areas in France, Czechoslovakia, Canada 
and the USA.

The stabilizing selection, while bringing no essential 
change to organisms’ characters, perfects the processes of 
individual development. The organs that are variable under 
the influence of external factor variability (if these organs 
are essential for all environmental conditions) are made 
more steady by stabilizing selection becoming less dependent 
on the fluctuations of the external factors.

The “starting mechanisms” that launch a population’s 
evolution in this or that direction are normally understood 
as the emergence of new hereditary features which at a 
single stroke lead the population into a wider evolutionary 
arena or a transformation of the life milieu.

The question arises as to the extent to which the factors 
responsible for the microevolution within a population may 
suffice for an evolutionary transformation of species, that 
is, for the process denoted as macroevolution. This question 
is variously answered by different scientists. Some believe 
that “the ultimate results of macroevolutionary transfor
mations of organisms are the outcome of microevolution 
processes which are accumulated during a long enough 
time, yielding a qualitative change in the emergence of

10—383
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new forms”1*. Others hold that microevolutionary process 
is limited to processes occurring inside a species: appearance 
of a new species out of an old one requires factors that 
differ from those which are at work inside the species. One 
of the first authors to set the task of differentiating between 
the factors of micro- and macroevolution was the outstand
ing Soviet geneticist Yu.A. Filipchenko* 2).

The renowned German geneticist R. Goldschmidt, the 
author of classical works on evolution of natural popula
tions of gypsy moth, dedicated a monograph to prove the 
essential difference of micro- and macroevolution. For 
many years he had been an adherent of the view that pro
cesses of micro- and macroevolution are essentially the 
same, believing that, as mutations get accumulated, the 
evolving population drifts away from the original form, 
gradually stepping over the boundaries of species, genus, 
family, etc. In 1940, however, he issued a book where he 
wrote: “It will be one of the major contentions of this book 
to show that the facts of microevolution do not suffice 
for understanding of macroevolution.” 3) In rejecting the 
thesis of inheritance of characters acquired during lifetime, 
Goldschmidt advanced the idea of systemic mutations 
which he conceived as major restructuring of chromosomes 
that enabled the mutant at once to leap over the barrier 
separating one species from another. He also offered the 
idea of “hopeful monsters”, that is, of mutations affecting 
many organs at once. Goldschmidt quoted the winged 
words of the eminent German paleontologist O.H. Schin- 
dewolf: “The first bird hatched from a reptilian egg.”

What can be said about it all in actual fact?
The view of the uniformity of micro- and macroevolution 

is stemmed from the genetic theory of natural selection. 
The strength of this approach lies with its offering a quan
titative interpretation of the evolution. Such phenomena 
as mutation process and natural selection were called “mu-

!) Dubinin, N .l\ Evolution of Populations and Radiation. Moscow, 
Atoinizdat Publishers, 1966, p. 654 (in Russian).

Filipchenko, Yu.A. The Evolutionary Idea in Biology. Petro- 
jxrad, 1923 (in Russian).

3) Goldschmidt, R. The Material Basis of Evolution. New Jersey, 
1940, p. 390.
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tational pressure”, “selectional pressure”, etc. The process 
of evolution came to be viewed as interaction of random 
genetic events (mutation, recombination, fecundation, de
gree of isolation) with the directing function of the natural 
selection.

Since accidental events, too, play an essential role in 
the evolution, the genetic theory of natural selection affords 
insights into some aspects of the process of evolution. The 
importance of these aspects should not be overvalued, 
however. There is every .ground to agree with 1.1. Schmal- 
hausen, who wrote: “Despite the high importance of results 
already achieved, these studies fail to reveal the entire 
mechanism of evolution or to give an exhaustive expla
nation to its law-governed regularities. This approach leaves 
in shade the individual development of organisms leading 
to realization of the phenotype. Since it is phenotypes that 
are the active bearers of life and objects of natural selec
tion, the course of individual development is bound to be 
essential for evolution. And, lastly, it is most important 
that in the genetic theory of natural selection the organism 
as such, with its active struggle for its individual life, is 
lost out of sight. The notion of struggle for existence that 
underlies Darwin’s theory has been jettisoned. Natural 
selection appears as external factor, and organism, as 
passive object undergoing the action of natural selection. 
This is no true reflection of real relationship.” 1*

The genetic theory of natural selection is a very conve
nient and useful abstraction enabling to assess various 
factors in differentiation of species into geographical races, 
conservation of intraspecific variety, etc. Regrettably it 
gives no answer as to what determines the direction of the 
evolutionary transformation of species.

This direction is determined by the external environment. 
Even the classical instance of microevolution—the ousting 
of light-coloured forms of peppered moth by the dark- 
coloured mutant-shows that changes in the direction 
of the evolution are caused by changes that are external in

Schmalhausen, 1.1. Cybernetic Problems of Biology, p. 39 (in 
Russian).

10*
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relation to the evolving population. In view of this, we 
postpone the discussion of the interrelation of micro- and 
macroevolution till the end of this chapter.

The Phenotypic Form of Hereditary Variation

The role of environmental conditions, however, is not 
confined to changing the direction of selection. Taking 
part in the formation of the phenotype, the environmental 
factors exert an impact on the form in which the genoty
pic hereditary variation is manifested. We normally judge 
about the genotypic variation by the diversity of the fea
tures of the phenotype, for it inevitably reflects the regu
larities of phenotype formation. Mutations of colouring 
cannot be observed in albino animals. In wingless insects 
it is impossible to take account of the genotypic changes 
which are manifested as modifications of the shape of the 
wing membrane, its size and venation. The Soviet geneti
cist O.V. Garkavi showed in 1928 that in good tending 
and feeding conditions essential differences in milk pro
ductivity of cows can be observed which are not manifested 
with scanty feeding. Moreover, cows which were of a me
dium productivity in some conditions were highly produ
ctive in others. In other words one and the same hereditary 
feature is variously manifested in different conditions of 
development that modify the phenotype.

Generalizing vast literary data and, in particular, the 
works of the eminent Soviet geneticists N.V. Timofeev- 
Resovsky1*, B.L. Astaurov2) and A.N. Promptov3) as 
well as my studies carried out in 1934-1935, I have come 
to the following conclusions. Features of every genotypic 
change are determined by the particular features of the 
phenotype. A change of phenotype due to some genotypic

2) Timofeev-Resovsky, N.V. On the Phenotypic Manifestation of 
Genotype. Zhurnal eksperimentaVnoi biologii, 1925, vol. 1, issues 
3-4 (in Russian).

2) Astaurov, B.L. Study of Hereditary Change of Halters in 
Drosophila Melanogaster. Zhurnal eksperimentaV noi biologii, 1927, 
vol. 3, issues 1-2 (in Russian).

3) Promptov, A.N. Pleiotropic Genovariation of Polymorpha in 
D. Funebris. Zhurnal eksperimentaV noi biologii, 1929, vol. 5, issues 3-4 
(in Russian).
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changes or resulting from the action of some environmental 
factor, for example, temperature or nutrition, bears an 
influence on the way in which the hereditary changes are 
manifested. Therefore the features of the genotypic varia
tion are dual in nature. On the one hand, there is primary 
specificity linked with the regularities of variation of 
chromosomes or their analogues in lower organisms and 
on the other hand, secondary specificity, due to the fact 
that primary specificity is realized variously in different 
phenotypes. This suggests a distinction between the actual 
genotypic variation and its phenotypic form.

In the evolution of organic world and in the practice 
of selection the hereditary variation also appears in its 
phenotypic form. This form, therefore, is of high importance 
in determining the possible direction of the historical trans
formations of species and breeds.

Selection In Various Conditions off Manifestation 
off Characters

Genetic studies have undermined the naive belief in the 
dogma of inheritance of acquired characters. Characteris
tics of an adult organism were proved not to be inherited 
at all. It was established that the possibility of inheritage 
of this or that difference between individuals within a 
species depended in a majority of cases on a difference in 
chromosomes. Since the evolutionary process is based on 
stable hereditary transformations, the evolution of orga
nisms to some extent is tied with that of the intrinsic struc
ture and physiology of the cell chromosome set, its genom. 
Apparently, this gives rise to difficulties.

The following three propositions seem obvious:
1. In the process of evolution all characters of an orga

nism are changed.
2. Not all characters are transferred to subsequent gene

rations—only the morpho-physiological features of the 
cell and, specifically, those of chromosomes are inherited.

3. Cells and especially the chromosome set are no proto
type of an adult organism, as preformationists had believed.

Bringing these three statements together, the question 
naturally arises as to the way in which the evolutionary
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change of those characters occurs which are not directly 
inherited. How do differences in the structure of flower 
come about in plants, if the flowers are not passed on to 
the next generation; how can fine change of instincts ex
cellently adapted to a certain life situation occur, if the 
instinct itself vanishes when the individual dies? In other 
words, what is the evolutionary relationship between the 
heritable characters not liable to direct control of selec
tion, and the controlled selection of nonheritable characters? 
Many scholars sought an answer to this question. In the 
USSR particularly interesting in this respect are studies 
by the geneticist V.S. Kirpichnikov and the evolutionists 
E.I. Lukin and 1.1. Schmalhausen.

The relationship of heritable and non-heritable is not only 
a theoretical problem but a matter of tremendous practical 
importance. In 1930s, when raising live-stock productivity 
and farm crop yields were the first-priority national eco
nomic tasks in the USSR, the role of environment in sele
ction was widely discussed by biologists, live-stock experts, 
plant breeders and selectionists. New approaches and exact 
experiments were necessary. Proceeding from the views 
of eminent Soviet biologists N.K. Koltsov, A.S. Serebrovsky 
and B. P. Tokin, the author of this book succeeded to pro
pose a problem statement liable to experimental investi
gation-selection  in various conditions of manifestation 
of a character”.

Johannsen’s views on genotype and phenotype were the 
theoretical basis for the study of the role of conditions in 
selection. The idea of a phenotypic form of hereditary va
riation inevitably leads to the following conclusion: sele
ction even by one and the same character in different condi
tions of its manifestation is bound to lead to essentially 
different results. This theoretical conclusion was experi
mentally tested by selection in hereditarily heterogeneous 
cultures of drosophila flies for the maximum manifestation 
of “eyeless” mutation in different developmental conditions 
(Fig. 36). This character—eyelessness—is manifested more 
when the larvas are fed on fresh fodder and is less pronoun
ced when on fodder altered by the life activity of larvas. 
In case of maximum manifestation of this character the 
fly is altogether deprived of eyes, and in case of weak mani-
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Fig. 36. Variation of the mani
festation of "eyeless” mutation 
in Drosophila melanogaster (the 
upper row shows the heads of 
the flies with normal eyes)

festation, the eyes seem to be near to normal. The character 
is highly variable: frequently asymmetric manifestation 
occurs, that is, a fly having only one eye. When selecting 
for the maximum manifestation of the character, the cul
tures were used in which eyelessness was more pronounced. 
The selection for eyelessness in breeding on fresh fodder 
heightened the manifestation of the character and a large 
proportion of eyeless flies appeared in the cultures. However, 
the response to old fodder was not significantly modified: 
the manifestation of the character in this case remained 
lower than when developing on fresh fodder (Fig. 37).

A different result was obtained when selecting for eyeless
ness was carried out on old fodder altered by life activity 
of the larvas. Not only was the manifestation of the character 
more pronounced but the norm of reaction to external condi
tions was changed: the manifestation of eyeless on old 
fodder became more pronounced than on fresh. It is apparent 
that when selecting for eyelessness in old fodder conditions 
other hereditary features were preserved than when selecting 
on fresh fodder. Hence, the conditions in which selection was 
carried on had been embodied in features of genotype, in 
the specific pattern of genotypic reaction to environmental 
factors. In this way elementary mechanism of the conver
sion of information on specificity of environment into ge
notypic information of norm of reaction was revea-
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Fig. 37. Selection in various conditions of manifestation of a character:
a—selection in the first days of the hatching; b—in the last days of the hatching; 
solid line shows manifestation in the first days; dotted line, in the last days; the 
abscissa gives the generations of selection, and the ordinate, the percentage rate 
of manifestation of eyeless

led .1} The English biologist C. Waddington, analysing similar 
processes coined for them the term “genetic assimilation’,2). 
The term “phenogenesis” seems to be an apt description of 
the essence of this phenomenon, that is, the appearance, 
during selection, of new characters as a result of conversion 
of the specificity of the environment into specificity of 
norm of reaction.

Darwin subdivided variation into indefinite and definite. 
In keeping with the contemporary genetic ideas, the inde
finite variation is largely genotypic variation (DNA va
riation). Stable changes of norm of reaction occur on its 
basis. The definite variation embraces the class of changes 
of the phenotype arising largely under the impact of certain 
environmental factors. In the experiment described above the 
definite change was the manifestation of eyeless when 
changing from fresh fodder to old one. By changing the form 
of manifestation of indefinite genotypic variation, the defi
nite change of phenotype altered the course and hence the 
result of selection. Therefore, definite variation, while en
dowing the indefinite variation with some special phenotypic 
features exerts a great influence on the course of the evolu
tion. * 2

*> Kamshilov, M.M. Selection in Various Conditions of Manifesta
tion of Character. Biologicheskii zhurnal, 1935, vol. 4, No. 6 (in Rus
sian).

2) Waddington, C.H. The Nature of Life. New York, 1961.
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Since selection changes particular characters it thereby 
opens up ever fresh opportunities for manifestation of 
hereditary changes precisely against the background of 
varying characters. Therefore the phenotypic form of here
ditary variation is bound to follow the phenotype changing 
selection.

Neo-Lamarckians who recognized the so-called inheritance 
of acquired characters failed to explain the course of evolu
tion, as they disregarded the mechanism of inheritance. 
Neo-Darwinists, in denying the role of non-heritable charac
ters in the evolution, came into a blind alley, failing as they 
did to account for the appearance and development of adap
tive responses which are not in fact inherited and for the 
harmony in the development of parts of a growing orga
nism. The idea of the non-heritable (phenotypic) phenomena 
as a form of development of hereditary (genotypic) ones sur
mounts the limitations of the two opposite conceptions. The 
evolution of hereditary phenomena takes place only with 
the aid of non-heritable ones. It is not individual characters 
that evolve but the methods of using external information; 
the environment is not only an assessor and sorter of charac
ters but the creator of the very evolving material. In other 
words, it is phenogenesis which actually takes place.

The German scientist E. Baur, one of the fathers of gene
tics, wrote as early as in 1911: “Adaptation of organism does 
not lie with a certain shape, colour, structure, etc. but only 
with the fact that with the greatest advantage for itself 
it is variable under the impact of the external environment 
in which it lives. Therefore when we ask the question wish
ing to learn how the ultimate features of the organism have 
appeared the basic question is also stated in this way: how 
the beneficious capacity for modification has appeared.” 1}

The question can also be posed thus: what is the way in 
which during evolution the specific external information en
suring adaptability to environment is absorbed? The author’s 
experiments with selection in different conditions of charac
ter manifestations afford the following answer: in the course 
of selection the specific ways of the organism interaction

Baur, E. Einfiihrung in die experimentelle Vererbungslehre. 
Berlin,. 1911, S. 262.
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with environment are preserved. Environment is not only a 
selection factor but it is also responsible for the features of 
the material that is selected.

The practical importance of this result is apparent. Each 
new factor—a stimulator, an action of a physical agent, a 
new way of tending, feeding, exercise, fertilizer—by modify- 
ing the features in a definite way and, hence, the phenotypic 
form of indefinite variation opens up new opportunities for 
selection. Achievements of physiologists constitute the basis 
for fruitful work of selectionists. Since “ranks of breed 
value of animals do not coincide in various conditions... for 
different external conditions selection leads to formation of 
animal groups that are unlike in breeding quality’’1). In this 
case, too, the features of the environment must inevitably be 
recorded through selection into the features of norm of reac
tion, that is, the process will take place that we have obser
ved in experiments on selection for manifestation of eyeless 
in different conditions.

Feature Stabilization

It was noted by Johannsen that certain features show more 
directly that they are determined genotypically, for they al
ways appear wherever the organism can exist at all, while 
other features become manifested only under certain envi
ronmental conditions. Some authors have drawn from this 
the conclusion that various features are determined geno
typically to different extents. Moreover, while observing in 
nature the instances of feature stabilization, certain resear
chers concluded that in the course of evolution non-heritable 
changes come to be replaced by similar heritable ones. This 
fatal blunder springs from primitive ideas of heredity as a 
transfer of features or some rudiments of features. Late in 
the 19th century it was provided with a theoretical founda
tion by the works of the English biologist F. Galton on the 
inheritance of the growth and other easily modifiable 
features.

^ Belyaev, D.K. On the Genotypic Principles in Animal Selec
tion. In: Materialy i rekomendatsii Vsesoyuznoi konferentsti po uluch- 
sheniyu plemennogo dela u zhivotnovodstve. Moscow, Kolos Publishers, 
1966, p. 49 (in Russian).
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After works of Johannsen, who sharply criticized Galton’s 
ideas, it became evident that what is inherited is not pheno
type’s features but only the norm of reaction which is deter
mined by the structure of zygote and, above all, by the stru
cture of DNA. From this viewpoint the hypothesis stating 
that non-heritable changes are superseded by similar heri
table ones is groundless. The changes of the norm of reaction 
cannot be similar to those of one or more features, that is, 
to a specific manifestation of the norm of reaction. If we 
stick to the word “replacement”, we must say that what is 
replaced in the course of evolution is one norm of reaction 
by another but not a feature by a norm of reaction.

As justly noted by Johannsen, organisms have two classes 
of features—more or less constant in variable environmental 
conditions and liable to variation. The constancy of some 
features, their relative independence of the fluctuations 
of external factors are due, however, not to the degree of 
their determination by the genotype (for all the features are 
genotypically determined) but by the adaptive value of this 
constancy. The organism, for instance, needs the eye to see. 
The adaptive value of the eye does not change with a change 
in the developmental conditions. Therefore it will develop 
as a feature with a greater threshold effect and by virtue 
of this will depend less on fluctuations of external factors.

As shown by 1.1. Schmalhausen, feature stabilization is 
due to the fact that in the ontogenesis the complex correla
tive dependences are formed that keep the development of 
the feature within certain limits.

The importance of internal relationships as a tool of 
achieving stability can be easily illustrated by a simple 
example. Let the variation of some part x under the impact 
of variety of external factors be expressed as and variation 
of another part y by the quantity a*. As the result of in
teraction of x and i/, the organ x + y  appears, whose varia
tion is o%+y. According to the elementary variation sta
tistics, ol+y= o l + o l + 2 r o xoy, where r is the correlation ratio 
characterizing the intensity of dependence between the 
parts x and y.

At r= 0  (when there is no connection between x and y), 
<j£+«=a!+oJ» i.e. the organ x-\-y is more variable than 
each of the organs x and y taken alone.



156 EVOLUTION OF BIOSPHERE

At r = l,th a t  is, in case of absolute positive dependence 
of x and y, ol+y=(ox+ o y) 2 or ox+y = o x+ a y. The va
riability of the organ x + y  is essentially higher than that 
of the parts x and y and even higher than at r= 0.

At r = —1, i.e. when the parts x and y respond to one and 
the same action by opposite reactions, ox+y= o x—oy. The 
variation of the organ x + y  becomes lower than that of the 
part x or y taken alone. If the variations x and y are equal, 
ox —oy , then at r = —1 the variation of the derived organ 
z + y y i.e. ox+y is zero. Hence the character of dependence 
of interacting parts which are variable under the impact of 
external factors is responsible for the degree of stability of 
the derivative organ x + y . In other words, “the presence of 
stability always implies some coordination of the actions 
between the parts” 1}. The appearance of a relative autonomy 
in the development of individual organs is consequently 
explained not by their ceasing to respond to external factors 
but by appearance of internal dependences in the develop
ment of the parts. What is observed in this case is interfe
rence of variety produced by external environment and diffe
rently responded to by different parts.

The correlative relationships that account for some auto
nomy in the development of structures and the threshold 
effect which is manifested in stability of development of 
forms prevent a great many structure-destroying hereditary 
changes from becoming manifest. The normal eye of drosop
hila fly develops as a stable organ. The temperature, fod
der quality and humidity practically do not affect its size. 
Now the above described eyeless mutation has occurred. 
The correlational mechanism is impaired. The autonomy in 
the development of the eye is lost. The quality of fodder, 
the temperature and humidity and other conditions come to 
influence on the formation of eyes. Many mutations and in 
particular that resulting in a multitude of notches on the 
fly’s wings while never affecting the development of the 
normal eye, bear an influence on the development of eyes with 
the eyeless mutation. However, the manifestation of eye
less can also be stabilized by selection. Selection for sta-

Ashby, W.R. Design for a Brain (2nd ed.). London, Chapman 
and Hall, 2nd ed., 1960, p. 57.
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Fig. 38. Stabilization of a feature 
in the course of selection for cons
tancy of manifestation of eyeless 
under varying conditions.
The abscissa gives the generations of 
selection; the ordinate, the variability 
of the character (o) in per cent

bility of manifestation of mutation in the varying environ
mental conditions was carried out. As a result of selection a 
stabilization of the feature which had been earlier variable 
was achieved. The constancy of this feature appeared in the 
variable developmental conditions as the result of selection 
which laid to the organism identical requirements indepen
dent of the variability of developmental conditions (Fig. 38).

As has been shown, the increase of feature constancy with 
respect to external factors stabilized it with respect to here
ditary changes. While retaining only some particular form 
of manifestation of character in the variable conditions, 
natural selection inevitably stabilizes that feature in respect 
to the external and internal factors. Experiments for sta
bilizing the “eyelessness” feature are convincing evidence in 
support of 1.1. Schmalhausen’s theory of stabilizing selec
tion. On the other hand, these experiments give insight into 
the genetic mechanism of this stabilization. Information 
of environmental specificity and, in particular, the adaptive 
value of this or that structure is recorded, through selection 
in hereditarily heterogeneous group of individuals, into the 
features of the norm of reaction, which in this case is expres
sed through correlative mechanisms of development. Inter
ference of variation occurs in this case as the result of cor
relative relationship being established between the parts 
of the organism.

The relative autonomy in the development of major organs, 
the features of discreteness in ontogenesis, which the Soviet 
geneticist A.A. Malinovsky was one of the first to point out 
(as inevitably following from the cybernetic concept of adap
tation), provide the possibility of the evolution of the norms 
of reaction, while retaining the constancy of the morpholo
gical manifestation of the feature.
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Normal eyes in Drosophila can develop on the basisofa 
normal genotype or a genotype with eyeless mutation. Droso
philas from various geographical areas have more or less 
equal size of eyes. It suffices, however, to introduce into 
Drosophila genotypes of various geographical regions the 
chromosome with eyeless mutations to observe these essen
tial differences in the formation of the eye.

Soviet ecologists S.S. Shwartz, L.N. Dobrinsky and 
L.Ya. Toporkova compared^the Southern and Northern po
pulations of the Rana terrestris. The adult individuals of 
the populations being compared did not differ in the major 
taxonomic feature (the relative head-length). They differed, 
however, in the process of growth. This is an obvious case 
of divergence (evolutionary differentiation) of genotypes, 
divergence affecting the course of development of features 
while keeping the ultimate manifestation constant. This is 
the so-called protection of normal phenotype—result of 
stabilizing function of the natural selection.

Stability of organs is a consequence of the correlative 
relationships which to some extent isolate the stable struc
tures from influence of other form-building mechanisms. It 
is genotypically determined which is, however, equally 
true of their lability. Therefore by selection of indefinite 
variations one cannot only synthesize new correlative rela
tionships but break down the old ones. This is what has 
been actually effected in one of experiments.

Eyeless mutation in Drosophila is manifested not only 
as disturbance of eye development but also as a lowered 
fertility of females. Females with the greatest deviations in 
eye structure prove to be the less fertile. In hereditarily 
heterogeneous cultures with the eyeless mutation a selection 
of female fertility was carried out. In two lines out of three 
the increase of fertility was accompanied by weakening of 
the property of eyelessness. In one line, however, a substan
tial increase of fertility led to an increase of manifestation 
of this mutation (Fig. 39).

What are the implications of this? First, the relationship 
of the fertility with size of the eyes is not absolute and can 
be easily broken. Second, the feature that has lost the adap
tive significance can be easily lost. Indeed, the eye-size of 
flies in the environment of laboratory cultures kept in dark-
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Fig. 39. Break of correlation bet
ween eye-size and fertility in Dro
sophila melanogaster:
I—fertility; 2 —manifestation of eyeless
ness; abscissa gives generations of the 
selection of females for fertility, the or
dinate (left), shows manifestation of eye
less, and the ordinate (right), the 
average number of flies per culture

ness had lost adaptive significance and fallen out of selec
tion control. Nothing prevented the eye from disappearance. 
The informational relationship of the organism and the 
environment through the organ of eyesight was broken, which 
led to the disappearance of the organ itself.

This experiment can serve as a graphic model of reduction 
(decrease of size or even complete disappearance) of organs 
that have become useless. Cases are known of reduction of the 
eyesight and colouring in many cave-dwelling and some deep- 
sea animals, of many organs in internal parasites, of conside
rable simplification of sense organs in animals who have adop
ted a sedentary life, disappearance of natural instincts due to 
domestication, etc.

In all cases the same thing essentially occurs as in the 
experiment with eyeless mutation described above: the 
specificity of the environment is transformed into heredi
tary specificity of the evolving group through natural 
selection.

The change of correlations stabilized by natural selection 
in some cases can stumble against serious difficulties. A sta
ble feature is tenacious, and hereditary variations are not 
manifested against its background. It is often the case, how
ever, that this feature may be tied with another, more la
bile, one. In that case selection by the labile feature will 
gradually draw the stable one from under the protection of 
the correlative mechanism, eventually to make it possible 
for the hereditary difference to become manifested on its 
background.
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The Formation of New Features

Experiments with hereditarily heterogeneous drosophila 
fly cultures showed that selection could be used to achieve 
quickly the following results: (a) essentially to change the 
norm of reaction in conformity with the environmental 
conditions, (b) to stabilize the variable feature and (c) to 
break the links between features earlier closely connected. 
All these cases can be interpreted as change, stabilization or 
loss of structures or functions already existing. The under
standing of mechanism by which environmental specificity 
is converted into genotypic specificity, that is, of phenoge- 
nesis affords asking the question as to whether or not in this 
way some altogether new features could appear or, to put 
it differently, whether the informational content of the evol
ving group could be enriched in this fashion.

The father of the mutation theory, the Dutch scientist 
Hugo de Vries believed that each mutation resulted in appea
rance of a new species and that evolution was sheer accumula
tion of mutations. In reality mutations only sustain the 
hereditary heterogeneity of the evolving group. The process 
of mutation largely boils down to changes in chromosomes 
which do not directly determine the features of the develo
ping organism. A mutation acquires an evolutionary signi
ficance only so long as it changes this or that feature in its 
phenotype, that is, by its phenotypic form. Therefore, by 
changing the phenotype it is also possible to change the 
role of gene in differentiation of characters.

Drosophila larvae are badly affected by low temperature. 
Less than a third (28.1 per cent) of four-day-old larvae sur
vive when staying at 0°G for 24 hours. Fifteen generations 
of selections for cold resistance resulted in a 100 per cent 
survival rate at this temperature. After 30 generations 
of cold resistance selection of larvae the impact of zero 
temperature for 150 minutes became a growth-stimulating 
agent. Thus the selection for cold resistance had altered 
the relationship to cold. The factor that had been obviously 
harmful gradually became indifferent and its small dosage 
even came to stimulate development. This is an instance 
of the process by which a harmful factor turns into that 
of normal development and which can serve as a model



Fig. 40. Results of selection of Dro
sophila larvae for resistance to cold:
1 — control line; 2—line selected for resis
tance to cold. Abscissa gives duration of the 
larvae exposure to low temperatures (hours), 
the ordinate gives the relative number 
of flics (as compared with the control 
group not exposed to cold)

for the wide-spread phenomenon of vernalization 
(Fig. 40).

The new feature appeared not by way of mutation but as a 
response of the genotype of a hereditary heterogeneous popu
lation to a new environmental factor. In such a population 
there are always genotypes that are manifested differently on 
the background of each new feature and each new response. 
The entire variety of the genotypes is naturally broken 
down into three classes: neutral, reinforcing and weakening 
the new feature. On the basis of what is initially a slightly 
specific differentiation the specific relationship gradually 
takes shape between the population and the new environmen
tal factor. From the elements of “noise”, which is hereditary 
heterogeneity in regard to phenotypic features under the 
influence of selection new definite responses and adaptive 
features are gradually formed and the informational message 
of the organism is enriched. In this case, too, the environmen
tal features of development are gradually as though crystal
lized in the content of the genotype determining the new norm 
of reaction.

Let us try, however, to approach this conclusion critically. 
The first objection: in the experiment with selection for cold 
resistance described above there appeared no new features. 
Resistance to cold was already possessed by the initial 
populations and selection merely brought to light what had 
existed prior to it. This objection would have been valid if 1

1 1 :m
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there had existed special genes of cold resistance, ability 
for vernalization and other physiological properties. But 
there are none and can be no such genes! Cold resistance is 
a phenotypic feature that had arisen by selection of gene 
combinations determining the resistance to cold in certain 
developmental conditions. Could cold resistance have appea
red without selection by this feature? In principle it is 
possible. However, the probability of this event is not grea
ter than that of obtaining a meaningful sentence by spea
king out at random a few dozen letters. Following K.A. Ti- 
miryazev (1891) and N.K. Koltsov (1927), one can say that 
selection made possible what would be highly improbable 
without it. A property that existed only potentially became 
real due to selection. A new feature, new adaptation arose 
which enabled the flies to survive in an environment in 
which earlier most of them perished.

The second objection refers to assessement of the role of 
developmental conditions in selection. It is obvious that cold 
acted as a selection factor but what have the selection condi
tions to do with it?

What is after all selection for cold resistance? It is se
lection for ability of survival whenever the phenotype changes 
under the impact of cold. The form in which the geno
type variation is manifested against the background of phe
notypes modified by cold is different from those occurring 
against the background of usual phenotypes. Cold thus acts 
not only as selection agent but as factor changing the fea
tures of the material being selected. This is the short and the 
long of it. When the environment changes the features will 
fluctuate and the form in which indefinite genotype is mani
fested also will alter. Therefore, the selection of phenotypes 
means survival of the forms of specific interaction of genotype 
and the environment. Consequently, the features of the en
vironment are converted, with the aid of selection and through 
the phenotypes, into the features of the genotype. Exter
nal information is absorbed and accumulated and the pheno- 
genesis thus occurs. As organization becomes more complex, 
the potentialities for accumulation of external information 
grow. The variety of phenotypic features provides premises 
to diversity of the pathways of genotypic differentia
tion.
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Factors Transforming the Norms of Reaction in Nature

To change the norm of reaction of reproducing organisms 
in a certain direction two conditions are necessary and suf
ficient: the hereditary heterogeneity of the evolving group 
and the irreversible change of environment. Given these 
conditions, the evolving group will adapt to the new en
vironment as the result of natural selection. The role of 
hereditary heterogeneity supported by the mutation process 
and crossings is obvious: selection is impossible without 
diversity of heredity. As to irreversible change of life en
vironment, it is a more difficult problem.

It is relatively easy to change the environment in an ex
periment. In economic practice, changes of environment also 
often take place which create prerequisites to a modification 
of the norm of reaction. This occurs in farming when new 
methods are applied to fight the crop pests, the infection and 
epizootic causative agents, in regulating the run-off of ri
vers and in building channels, under the influence of va
rious industrial waste products, etc.

The circumstances are not so simple in nature. The life 
environment of individual species may change as the result 
of numerous factors. Among these, four may be described as 
principal:

1. Alteration of climate over centuries due to Space factors 
and change of the gas composition of the atmosphere.

2. Geological transformation of the Earth surface. In par
ticular, redistribution of sea and land during intensive moun
tain building, accompanied by outbursts of volcanic acti
vity enriching the atmosphere with carbon dioxide.

3. Change of environment due to life activity of orga
nisms.

4. Activity of man.
The first, second and fourth factors of environmental 

change require no special analysis. They are similar to change 
of environment in an experiment. Not all species can survive 
such changes, and some of them die out. Those which sur
vive may show certain changes of the phenotype. Any envi
ronmental change as a result of selection immediately calls 
forth a hereditary differentiation due to hereditary heteroge
neity of natural populations.
11*



164 EVOLUTION OF BIOSPHERE

The third category of factors is of a particular interest. 
As the result of life activity the following processes occur 
which change the relation of each species to its habitat:

1. Numerical fluctuation (change of the number of indivi
duals over years), which alters the population density. The 
eminent Soviet botanist V.N. Sukachev has shown in studies 
of dandelion that, when the population density is changed the 
adaptive value of individual lines (biotypes) is reassessed. 
Numerical fluctuations are proper for all species. They are 
more pronounced in the friable biocoenoses of Extreme North 
and less in the saturated biocoenoses of tropic woods.

2. The spread beyond the historically conditioned habitat, 
the so-called ecological niche, as the result of increased 
number of individuals (the reproductional pressure) and also 
the result of acquiring some new feature by the species or 
related species. This is a trial and error process by which 
adaptation to new environment occurs.

3. Excretion of life activity products into the environment. 
On the one hand, these are mineral salts and gases and, on the 
other, products of organic synthesis. Mineral salts and gases 
are, as a rule, immediately used by other species. The ex
change of these substances is one of the way by which orga
nisms are tied with one another. In addition to that rather 
simple end products of biosynthesis water, soil and air 
contain more complex metabolic products, sometimes in 
high concentration. The excretion of such metabolites or, as 
the English oceanologist C.E. Lucas1* calls them, ectocri- 
nes, by certain organisms often provides the possibility of 
existence for others. For instance, the excretion of vitamin 
B12 by bacteria makes it possible to develop for lots of 
microscopic algae species which are incapable of synthesi
zing it. Lucas also supposed that the ability of recognizing 
the water in which they were born, possessed by some mig
rant fish, also depends on the contents of products of orga
nic decay in water. The excretion of odorant molecules into 
air provides for the mating of males and females, finding of 
food by insects, etc.

X) Lucas, C.E. The Ecological Effects of External Metabolites. 
Biol. Rev. Cambr. Phil. Soc., 22:270-295, 1947.
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Along with vitamins and substances that serve as land
marks, organisms excrete into the environment phytoncides, 
antibiotics and toxicants such as phenols which suppress 
the life activity of competitor species and sometimes of those 
very organisms which excrete them. In particular, the ex
cretions of plant roots sometimes work as a major factor 
of interaction between organisms in the biogeocoenoses. 
Their accumulation in soil sometimes makes it unsuitable 
for some species. Certain plants incapable of synthesizing 
alkaloids or glucosides may suck them from soil in a ready 
form which is expressed in their immunological features, 
appearance, physiological traits and relationship to pests.

4. The life activity changes the abiotic conditions of life. 
The plants of the bottom storey get plunged into an environ
ment of lowered illumination intensity, sometimes into con
ditions of light hunger. The decay processes that have a high 
rate in water reservoirs lead to a shortage of oxygen and not 
all organisms can adapt to it. Any textbook of ecology gives 
data on the changes of temperature and water conditions 
due to activity of organisms.

5. Biogeocoenosis as association of various organisms using 
material resources of a certain habitat is able to neutralize 
various metabolites excreted into the environment. This does 
not happen always, however. The cycle of biotic production 
within the biogeocoenosis often proves to be open. Non- 
utilized products get accumulated, while vital ones are con
sumed. Irreversible change occurs in the environment. This 
inevitably leads to restructuring of the populations entering 
the biogeocoenosis. This pressures some species towards 
hereditary change while others perish and are superseded 
by forms from other biogeocoenoses. Succession of species 
takes place which has been discussed in Chapter 3.

6. The life activity^of all organisms inhabiting the Earth 
surface, due to the fact that the biotic circulation is not fully 
closed, has led to change into the planet’s biosphere: free 
oxygen has been produced, the content of carbon dioxide in 
atmosphere and ocean decreased, soil has been formed and 
deposits of organic remnants have been accumulated. The 
changes of the atmosphere have altered the spectral composi
tion of light. In particular, the intensity of the ultra-violet 
solar radiation reaching the Earth surface has decreased.
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The American scientists L. Berkner and L. Marshall° give 
calculations showing that the change of the proportion of 
oxygen and carbon dioxide in the atmosphere due to life 
activity of organisms could work as a major factor in chang
ing the planet climate. They believe that glacial periods 
could be explained by intensive cooling of the Earth due 
to absorption by plants of large amounts of carbon dioxide 
in the Carboniferous and Permian epochs. Organisms are 
forced to adapt to the results of their planetary activity.

In other words, life activity results in slow but constant 
restructuring of biotic relationships and law-governed altera
tion of the entire biosphere. Thus the change of life condi
tions leading to change of the norm of reaction is an inevit
able consequence of life itself. It means that organisms have 
to use variation and selection to adapt to the consequences 
of their own vital activity. The latter proves to be highly, 
if not most, important cause of the change of the norm of 
reaction.

Interaction of Phenotypes

Analysis of the factors changing the norms of reaction in 
nature leads to the inevitable conclusion that the causes of 
change for the most part are inherent to life itself. In other 
words the factors of microevolution are to some extent deter
mined by regularities of a higher order—the evolution of 
the life system as a whole.

The living macrosystem exists due to the well-tuned fun
ctioning of its rather independent components: biocoenoses, 
species, populations or individuals which always appear as 
interactions of phenotypes. The evolution is based on recip
rocal relationships of the phenotypes, which are no less re
gular than the interrelations of parts in a developing orga
nism. No living being “can live without others any more 
than a cut-off finger can... the conditions that are necessary 
for life of any organism are created by the life activity of 
other organisms”50, V.N. Beklemishev wrote in 1964. * 2

°  Berkner, L.V., Marshall, L.C. On the Origin and Rise Oxygen 
Concentration in the Earth’s Atmosphere. / .  Atmospheric, Sr» 
22, 225-226, 1965.

2) Beklemishev, V.N. On the General Principles of Organization 
of Life. Byulleten Moskovskogo ob-ua ispytatelei prirody, 1964, vol. 
69(2), p. 25 (in Russian).
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Animals cannot use light quanta to synthesize organic mat
ter from mineral elements but they are well “knowledgeable” 
as to how and where it can be obtained. The capacity for 
extracting ready-made organic matter spares them the pain 
of storing information as to its synthesis. Therefore the 
genes “controlling” the functions of the photosynthetic sys
tem of green plants serve not only their possessors but a long 
chain of organisms related with them but incapable of synthe
sizing organic matter from mineral elements by means of 
light quanta (the heterotrophic link). This refers equally to 
vitamins, irreplaceable amino acids and other major pro
ducts of biosynthesis, as well as oxygen, carbon dioxide, 
mineral salts which on a regular basis are supplied to exter
nal environment by the life activity of various living 
beings. In organisms which cannot synthesize some product, 
information on its synthesis is thus replaced by informa
tion on its sources. This seems often to provide great 
advantages.

A similar thing occurs, for instance, when instead of 
memorizing some quantities, say mantissa of a logarithm, we 
look it up in a handbook sparing out memory for more useful 
knowledge. Whenever necessary we extract the information 
we need from books and handbooks. In the same way a living 
being interacting with its animate and inanimate environ
ments extracts from them all the resources required for its 
life activity when it is necessary. The permanent character 
of the relationship of organism with its environment secures 
the reliable supply of matter, energy and information. It 
is clear hence that the full store of information required for 
life and development of phenotypes lies not solely in the 
features of alternation of the nitrogenous bases of the DNA 
chains of its zygote but in the entire intricate environment. 
A substantial part of this information is supplied directly or 
indirectly from individuals of other species and to some ex
tent is a function of their DNA. Therefore, in the stream of 
events known as life each organism’s phenotype appears not 
merely as the result of realization of its own genotype 
but as a derivative of the genotypes belonging to the bio- 
coenosis concerned. The importance of individual develop
ment of an organism as integrator of external information 
is thus apparent.
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Ashby has aptly noted that “the gene-pattern delegates part 
of its control over the organism to the environment (i.e. 
actually to other genotypes—M. /if.). Thus, it does not 
specify in detail how a kitten shall catch a mouse, but pro
vides a learning mechanism and a tendency to play, so that 
it is the mouse which teaches the kitten the finer points of 
how to catch mice” 1*. In a way one can say that the genes 
of the mouse “teach” the cat to catch mice!

Genealogical and Ecological Ties of Organisms

The entire variety of ties between organisms can be subdi
vided into two major classes: the genealogical ties, which 
include relationship of ancestors and descendants within a 
single species, and the ecological ties, which bring together 
various forms of interaction between the individuals of dif
ferent species. Each of these classes in turn comprises three 
forms of ties: substance, energy and information.

The informational ties occupy the prime place in the gene
alogical continuity. Of course, they are realized through 
transfer of substance containing some amount of energy. 
However, the transfer of substance and energy in this case 
is moved to the second place as compared with the transfer 
of the organizational features as such. Moreover, in genealo
gical ties the transfer of all the three components—substance, 
energy and information—is normally carried on in one di
rection—from ancestors to descendants.

In ecological relationships the transfer of substance and 
energy has an incomparable greater importance. Such are, for 
example, the food chains in which substance and energy are 
transferred by trophic channels. However, both substance 
and energy taking part in the life process are the same for 
all organisms in the final analysis. It is apparent, therefore, 
that the substantial energetic ties can not be the major fac
tor responsible for the variety of life forms. A fox can catch 
and eat a hare, for example, because it is a fox and not a 
sheer cluster of substance and energy. Thus, even in case of 
intraspecial interaction though its essence is transfer of

Ashby, W.R. Design for a Brain. London, Chapman and Hall, 
2nd ed., 1960, p. 234.
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substance and energy from one link of biotic circulation to 
another, a prime importance still belongs to organizational 
features of the interacting organisms, that is, again to the 
informational relationships. The direction in which sub
stance and energy on the one hand and information on the 
other, is transferred need not coincide in the case of inters
pecific interaction. For instance in the “fox—harev system 
substance and energy are transferred from the hare to the 
fox while they both exchange information.

Two kinds of informatiorial ecological ties are easily 
discernible: individual ties and group ties. The fox sees the 
hare and perceives its smell; olfaction and eyesight help the 
hare to escape the fox. These are the individual information
al ties. The fact is, however, that not all foxes are equally 
capable of successfully catching the hares and not all hares 
are caught by foxes. It is obvious that those hares survive 
and leave a more numerous offspring which are more sensitive 
and have a keener eyesight and quicker legs. Likewise the 
foxes which are better hunters are more successful.

Since the individual features of organisms depend on here
ditary characters, the interaction of the populations of 
foxes and hares inevitably results in a change of hereditary 
features of the both. These are the group informational eco
logical ties. It is they that determine the hereditary trans
formations of ecologically connected populations of different 
species.

Consequently, it is not material energy ties that are 
responsible for the restructuring of organization but the 
group informational ones.

The ecological ties of organisms are quite multifarious 
and are by no means confined to interspecific alimentary 
connections. These include:

1. Ties with the individuals of the same species. First of 
all these are sexual relations and also various forms of secon
dary relations between parents and offspring, that the Soviet 
geneticist A.N. Promptov (1956) 1] described as biological 
contact of generations. This includes also the gregarious and 
schooling instincts as well as the so-called social instincts.

U Promptov, A. N. Essays on the Problem of Biological Adapta
tion of Passerine Birds Behaviour. Moscow-Len ingrad, The Publish
ing House of the Acadeiriy of Sciences of the USSR, 1956 (in Russian).
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which are particularly pronounced among social insects— 
bees, wasps, termites and ants.

2. Ties with species that are sources of food.
3. Resistance to beasts of prey.
4. Parasites, symbionts, agents of infections and epizoo

tics.
5. Interaction with the competitors.
6. Relationship of organisms through the abiotic environ

ment: breathing of oxygen excreted by plants, perception of 
smells spread in water or air and helping to detect certain 
habitats and to compete for habitats.

A continuous stream of information flows into organism 
along these multifarious communication channels. It is sup
plied through the reproductive cells, through the digestive 
system and sense organs and determines the special features 
of development and behaviour. Every organism works as a 
peculiar integrator of information of varying degrees of 
specificity.

It is obvious that in the scale of the biosphere the genealo
gical and ecological relationships are no strictly delimited 
groups of phenomena. Without the former the latter are 
impossible; genealogical relationships pass over into eco
logical ones by divergence of forms. The both are hence but 
two aspects of the variegated process of biosphere’s evolu
tion.

The interacting organisms are parts of a single system and, 
therefore, their interrelationships are by far more intricate 
than it is usually imagined. Some echinoderms (starfish and 
brittle stars) have been observed by the well-known Danish 
biologist G. Thorson to cease feeding when the larvae of the 
bivalved mollusks, their future victims, settle down, and fast 
for one or two months. Meanwhile, the biomass of mollusks 
increases not less than by 500 times. Without this adapta
tion, both mollusks and the echinoderms that eat them would 
disappear. This adaptation is the result of conjugate evolu
tion of the echinoderms and the bivalved mollusks.

The interrelations of parasite and host, the infection 
causative agent and the infected organism, belong to the same 
group of facts. The prolonged (in historical terms) intera
ction of the parasite and host in many cases results in the 
parasite ceasing to produce any morbid effect; the offen-
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siveness of the microorganism is set off by the immunobio- 
logical responses of the microorganism.

The offensiveness of the microorganism or a pest is increa
sed manifold when they affect creatures not adapted to them. 
The African antelopes are the principal host of the parasitic 
flagellate Trypanosoma brucei which infects them without 
producing any morbid effect. The same Trypanosoma when 
it infects cattle and horses is lethal. (Naturally in this case 
it also perishes.) “Obviously,” the eminent Soviet zoologist 
V.A. Dogel writes, “antelopes that had from time immemo
rial been infected by T. brucei had time enough to acquire 
certain immunity to this parasite, whereas the domestic ani
mals imported from Europe have not worked out such im
munity.” v

So long as the Colorado beetle fed on wild solanaceae it 
was not distinguished among other phytophagous insects. 
This insect became a most dangerous pest when it settled 
on the cultured potato breeds in Europe.

The French entomologist J. Fabre* 2) found that the larva 
of scolliid wasp, when parasitizing on a paralysed larva of 
the goldsmith beetle, begins eating the fat body and only 
towards the end of its growth eats up the more vital tissues 
including the nervous system. Fabre aptly described the pro
cedure as “eating by rules”. What kind of rules are these? It 
is well known that a starving animal begins by spending the 
stores of fat and only in the very end use up the tissues in
dispensable for life; the nervous system is the longest to be 
preserved. It seems that the instinct of “eating by rules” dis
covered by Fabre is a mechanism of pumping out nutrient 
substances from goldsmith beetle larva by the growing scol
liid larva that is similar to the mechanism of consumption 
of tissues during starvation. The scolliid larva needs not to 
“learn” any new way and it has solely to resort to a mechanism 
already available. On the whole it seems as though the gold
smith beetle larva feeds the scolliid larva. Apparently such 
relationships could have taken shape only throughout mil
lions of years of conjugate evolution of scolliids and golds-

Dogel, V.A. A Course of General Parasitology. Moscow, Uchped- 
giz Publishers, 1941, p. 242 (in Russian).

2> J.H. Fabre, La vie des insects, Paris, Delagrave, s.a.
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mith beetles. Meanwhile Scolidae have gained the ability for 
switching on into the course of normal physiological process 
of a goldsmith beetle larva and directing it to its own benefit. 
Similar phenomena are observed at the molecular level: the 
nucleic acid of a phage penetrating a bacterium employs the 
enzymatic system and the energy relationships of the cell 
to reproduce the virus particles. In both cases the parasite 
and the host at a certain stage form an integrated system in 
which they intrinsically correlate to each other as parts of 
one organism. Similar phenomena occur during symbiosis 
of algae and fungus of lichen, in bacteria, and fish when 
developing the illumination organs, etc. Two circumstances 
make this correspondence possible: the commonness of the 
biochemical substratum of all organisms and the length 
of the period of conjugate evolution.

Ecological Mechanism of Hereditary Information Exchange

As we have shown in our experiments with Drosophila, the 
specificity of the environment inevitably becomes a part of 
hereditary specificity by way of selection. When we have to 
deal with two interacting organisms, mutual exchange of 
specific characters takes place, that is, an information ex
change which serves to bring about the intrinsic integration 
of organisms leading to “mutual knowledge” of structures 
and functions.

One can speak of ecological transfer of genotypic informa
tion or, more exactly, of the ecological mechanism of geno
typic information exchange. Consequently, there exist two 
main mechanisms for transfer of genotypic information: 
through sexual cells (heredity) and through selection of phe
notypes in populations of interacting species (ecological 
mechanism of genotypic information transfer).

In phenomena of heredity, direct and one-sided transfer of 
genotypic information from ancestors to descendants occurs 
through cellular successiveness, which has been called the 
genealogical tie.

In case of interspecific interaction at least two-sided 
exchange of genotypic information takes place through sele
ction of phenotypes in the hereditarily heterogeneous popu
lations of interrelated species (group informational ecological
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Fig. 41. Methods of information 
transfer:
J—individual development of an 
organism; 2—information transfer 
through sexual cells(hercdity); 3—bio
logical contact of generations by tra
nsfer of alimentary substances, intra
uterine growth, feeding, teaching, 
choice of substratum; 4—exchange 
of information between species by 
means of the ecological mechanism of 
transfer of inherited information

ties). In this case it is not information on the cell structure 
that is transferred but on morphophysiological features 
and features of behaviour of the developing organism, 
that is, the genotypic information transformed by ab
sorption of energy, substance and additional information 
from environment and embodiment of this information in 
the phenotypic features (Fig. 41).

In other words, during interspecific interaction it always 
happens that the genotypic information is transferred in the 
form of phenotype. The specific features that are not inherited 
gain the decisive importance. The mechanisms become ob
vious by which reciprocal adaptations of flowers and the 
insects that pollinate them take shape, those of parasites and 
hosts, beasts of prey and their victims, and the like amazing 
phenomena. This provides materialistic explanation to the 
so-called inherent mutual knowledge of structures and fun
ctions by the interconnected organisms, which was discus
sed early in this century by the famous French idealistic 
philosopher Henri Bergson in conjunction with the inter
relationship of instinct and reason.
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The ecological mechanism of the genotypic information 
transfer* that occurs through exchange of information on cha
racters, their development and behaviour inevitably leads to 
reciprocal adaptation that underlies Bergson’s “inherent 
knowledge”. In particular Fabre’s “eating by rules” may 
perhaps serve as source of “knowledge” of the anatomy of 
the nervous system of paralysed objects that is so master
fully used by adult wasps paralysing the victim. Here is a 
pertinent quotation by the famous English researcher of so
cial life of insects W. Wheeler: “...the adult wasp before it 
begins to make and supply a cell, apparently learns some
thing during its prolonged and intimate contact at the larva 
stage with the environment” n.

There is evidence to some extent confirming Wheeler’s 
hypothesis. A great number of researchers, mostly entomo
logists, have discovered the remarkable fact: insects feading 
on plant (or animal) that is not usual for them in a short time 
develop preference for the new food. The phytaphagous beet
le Xylotrechus colonus lives in Eastern and Central states of 
the USA almost on all deciduous trees. Beetles from an oakt- 
ree were fed on oak-tree, chestnut-tree and hazel. After 
four or five years, the beetles that developed on various 
trees showed a growing selectivity for the new food species, 
that is, biological races differing in their relation to the food 
plant were obtained.

The larvae of Phratora vitellinae leaf-cutting beetles 
which feed on smooth broom leaves, were transferred to the 
fluffy willow-trees. In the beginning the larva had it hard to 
gnaw into the fluffy leaves but after four generations develop
ed the ability of feeding on them. Simultaneously, the per
centage of adult individuals choosing willow for laying eggs 
grew from 9 to 42. In other words, a new line adapted to life 
on willow was obtained.

Young caterpillars of the lappet moth were transferred to 
a pine-tree. They first showed a high mortality as the jaws 
of caterpillars adapted to feeding on flat oak leaves could 
not open wide enough to eat the pine needles. Only after the

X) Quoted after: Malyshev, S.I. The Shaping of Hymenoptera Order 
and Phases of Their Evolution. Moscow-Leningrad, Nauka Publishers, 
1966, p. 199 (in Russian).
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caterpillars “learned” to eat the needle from the end instead 
of from the base (they used to eat the oak leaf from the base) 
they could survive. The new race preferred the new food.

Larvae of the common sawfly Pontonia salicis form galls 
on willow leaves. Different races of sawfly live on various 
species of willow always giving preference to their usual 
species. During six years a line preferring red willow has 
been obtained from a race naturally living on Anderson’s 
willow.

The Ichneumon fly Nemeritis canescens normally parasi
tizes on the caterpillars of ephestia moths. It is indifferent to 
caterpillars of the Achroia grisella butterfly. When forced 
to feed on A. grisella, the Ichneumon flies hatched from the 
pupas showed a tendency for the smell of A. grisella (Thorpe, 
Huxley).

The Soviet zoologist I.V. Kozhanchikov1* made experi
ments with the leaf-cutting beetles Gastroidea viridula. In 
natural conditions these beetles feed on horse sorrel. In ab
sence of horse sorrel the beetle feeds on other species of the 
Polygonaceae family. Kozhanchikov chose knotweed for 
their food object. In natural conditions this plant is never 
used by beetles, as it does not attract them. Adult beetles— 
descendants of generations that developed on the horse sor
rel—immediately on hatching chose the knotweed only in 
12.3 per cent of cases; invariably after about three hours they 
changed for the horse sorrel. After one generation bred up 
on knotweed as many as 40.4 per cent chose the knotweed and 
never left it; after two generations, 80.3 per cent chose the 
knotweed, which they obviously preferred to sorrel. The res
pective percentages for the choice of knotweed by larvae of 
the first stage by generations were 2.8, 10.9, 40.6; by adult 
larvae 26.7, 35.0, 75.8. The growth of larvae was accompanied 
by a high mortality; in the first generation there perished as 
many as 44 per cent and in the second some 20 per cent while 
in the reference group fed on sorrel the mortality was zero. 
Thus, with forced feeding of the sorrel leaf beetle for two 
generations on knotweed, that is, in approximately for two

X) Kozhanchikov, I.V. On the Conditions of Development of the 
Biological Forms of Gastroidea Viridula. Trudy Zoologicheskogo In-ta 
AN S SSR , 1941, vol. 4, issue 4 (in Russian).
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months, new food forms took shape. The second generation 
beetles preferred the knotweed to the same extent as they 
preferred the sorrel. The factors that were responsible for 
the development of the new form was the dying out of the 
individuals whose metabolism proved inadequately adapted 
to the new nutrition conditions, that is, selection of indi
viduals of a certain physiological type.

It is highly curious that the nutrition of the females 
during the ripening of the sexual products bears an influence 
on the choice of the fodder plants by the young larvae. In 
other words, information on the fodder plant can be trans
ferred through the ovum to the larvae of the next genera
tion. It appears that some chemical products migrating from 
its organism into developing ovum determine the possibi
lity of choice of the food plant by the larva. The role played 
by the genotype in this case is determining the need for choos
ing some plant whatsoever. The actual form of the plant 
depends on the message from the environment which reaches 
the ovum through the female. So far it is not yet clear how 
this may happen. We know, however, that in many insects 
the growing oocyte actively absorbs entire follicular cells 
that are later assimilated by the egg’s cytoplasm.

Of a no less interest is the brilliant study by Soviet en
tomologists N. F. Meyer and Z. I. Meyer. These two scientists 
staged their experiments on representatives of the Chrysopa 
genus, predatory animals specializing in feeding on aphides. 
Because of the mass annihilation of aphides some of their 
species in natural environment change over for feeding on 
Comstock’s coccidae. Chrisopa vulgaris were used in the 
experiment. They obviously preferred aphides, especially 
thistle aphides. When feeding on this aphid the maximum 
survival ratio (98.4 per cent) and the minimum length of 
larval development (8-9 days) was observed. When feeding 
on Comstock’s coccids only 24 per cent of larvae survived 
while the period of a larval development was extended up 
to 13-14 days. The scientists bred the chrysopes on coccids 
for four generations. The larvae of the first generation pre
ferred aphides as their food, in the third generation this 
preference disappeared, whjle in the fourth generation a cer
tain preference for coccids was developed. Simultaneous
ly the survival rate of the larvae had risen. Each successive
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generation had a greater number of larvae adapted to feeding 
on coccids. While in the first generation only 24 per cent of 
larvae became pupas, after the fourth generation this percen
tage rose as high as to 54 per cent. The percentage of adult 
insects which gave birth to offspring in the four generations 
constituted the series 18, 34, 40, 46.

The basic conclusions of the authors are as f o l l o w s t h e  
change of Chr. vulgaris to feed on Comstock’s coccids is 
not explained by its polyphagous nature but is enforced due 
to the mass destruction of the aphides, which is its basic food. 
During this transition to feeding on Comstock’s coccids, high 
mortality of the predatory larvae was observed due to the 
dying out of individuals inadequately adapted to the change 
of the diet. Thus, here the fact of natural selection of indi
viduals of a certain physiological type is obvious”. 1*

These facts are exceptionally noteworthy. To an extent 
they confirm Wheeler’s hypothesis on the possibility of a kind 
of “learning” of the larva. It seems that the larva, while 
feeding on a certain plant or destroying a host insect, not 
only absorbs a store of substance and energy but also infor
mation on the features of the food object. One has to admit 
that the preservation of some metabolic products of a parti
cular food object in the body of an insect bred on it determi
nes the choice of this particular food by its descendants.

Since the choice of the food object is determined by acti
vity of sense organs one is brought to admit that during the 
nutrition a corresponding “tuning” of the nervous system of 
the insect being fed takes place. In this process the role of 
the larva’s nervous system as integrator of environmental 
information becomes evident, this information determining 
the subsequent behaviour of the adult individual. In the 
case described by Kozhanchikov the “tuning” of the nervous 
system of the larva for the choice of the food object evidently 
depended on some substances transferred by the female 
through the egg.

The fact that the nervous system of insects is capable 
of absorbing information about the external world and of

n Meyer, N.F., Meyer, Z.I. On Development of Biological Forms 
of Chrysopa Vulgaris Schr. Zojologicheskii zhurnaL 1946, vol. 25, No. 2 
(in Russian).
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storing it and that this information, being converted to be
havioural acts, can even he transmitted to other individuals 
of the same species was in particular, proved by the brilliant 
experiments of the German scientist Karl Frischn. The 
scientist discovered that the bees can transmit to one an
other by means of a special dance a message on the location of 
a nectariferous plant (in relation to the Sun) and on its dis
tance from the beehive. The transmission of message is 
effected in this way:

1. Complex eyes in the scout-nee's nervous system regis
ter the direction towards the flower in relation to the Sun.

2. The distance from the beehive is recorded in the ner
vous system by the degree of motor activity during the flight.

3. The peculiar rhythm of the physiological processes 
(“internal clock”) enables all the time to make corrections 
lor the movement of the sun in the sky.

4. The change of the nervous system under the influence 
of the above stimuli determines the peculiar act of behavi
our— the dance.

5. Other bees, while repeating in darkness the pattern of 
the scout’s dance, transform them into a peculiar* tuning of 
their nervous system that enables them to lind the nectari
ferous plant.

In other words, the bee's activity causes changes of its 
nervous system which dictate a peculiar behaviour. The in
sect’s nervous system works as an integrator of information 
about the external environment. This integration of infor
mation seems to begin from the first days of embryonic life.

The possibility of absorbing and integrating external in
formation throughout the larval development determines the 
peculiar form of successiveness of generations. It appears 
that the successiveness of generations is effected not only in 
the cellular form (heredity) but also in the identity of the 
processes by which the larva extracts information and imple
ments it in acts of adult insect’s behaviour (Fig. 42). On the 
one hand, the correspondence of the organism to life envi
ronment is secured and on the other hand, the possibility 
for modifying the behaviour when environment is altered. 
The hereditary heterogeneity which in this case is manifested

Frisch, K. A us deni Leben der Bienen. Berlin, Springer, 1964.
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Fig. 42. Similarity of the behavioural reactions of descendants and 
parents due to absorption of similar information from the environment:
J informal ion transfer through sexual cells; 2 —individual development of the 
organism; information from environment; 4 — typical reaction determined by 
Hie specific information from the environment

in the variation of behavioural acts creates pre-requisites 
for enhancing by selection the adaptation of organism to the 
food object (experiments of Kozhanchikov and Meyers). 
The ecological mechanism of genotypic information transfer 
is set in motion in this process.

Adaptation of plants to pollination by insects is amazing 
and the instincts of insects, so masterfully described by 
Fabre, are really astonishing. They are no more astonishing, 
however, than an animal’s ability of moving its limbs. The 
bending of the leg, the sweep of a wing need co-ordinated par
ticipation of the numerous muscles, blood vessels and nerves. 
This coordination is intuitively clear: moving animals and 
flying birds developed as integrated systems, as in d iv id u a l 
that is, as indivisible creatures. Now, the fact is that the 
life kingdom also developed as an integral whole. The spe
cies of organisms cannot exist one without another, they evol
ve together as an integrated system—the macrosystem. This 
may seem ^surprising idea but since we are not surprised at 
the presence of intrinsic ties between the organs of the indi
vidual so why should we be astonished by similar intrinsic 
ties between the species of a large macrosystem. Organisms 
of different species are connected not only by an external tie 
which is usually easy to notice, such as nutrition. They are 
tied, first, by their common origin and, hence, the common 
life substratum and, second, by the wholeness of the evolu
tionary process, by being a part of the evolving macrosystem, 
engaged in a permanent information exchange with the 
whole.

The position of every species inside the system is not 
occasional but is determined by its place in the evolution.

12?
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Its relationships with other species are no less law-governed 
and regular than its internal structure, which, as Darwin has 
shown, is due to its relationships. The more ties link the 
organism to the environment, the more complex is organiza
tion and hence, the more perfect the mechanism of conti
nuous transfer of information from parents to offspring should 
be. In single-celled organisms everything is confined to the 
cellular successiveness while in complex organisms different 
processes for extraction of external information are devel
oped. The continuity of life depends on the continuity cycles 
of absorption of external information.

A particular importance is gained by the nervous system 
as an organ for integration of environmental information. 
The survival begins to depend on the ability for extracting 
and integrating information, from unconscious learning of 
the environment. In this way the evolution of the macrosys
tem which is carried on due to variation and selection of 
individuals in species’populations results inevitably in the 
emergence and development of such ties which, to use Berg
son’s words, gives rise to the situation in which “the cell 
knows what may concern it in other cells and the animal— 
what may be beneficial to it in other animals” Adapta
tion to environment is hence achieved not solely by corres
pondence of organization and physiology to life conditions 
but by the capacity for extracting information on the fea
tures of the environment, which appears as a kind of analogue 
to knowledge of the environment.

The transfer of genotypic information in the form of cell 
successiveness constitutes the foundation of the microevolu
tion, and the ecological mechanism of genotypic information 
exchange is the area of macroevolution. It serves for the 
exchange of genotypic information between various species 
and for processing and storage of that information.

Organisms of different species are linked with one another 
by food network. It begins with the photosynthetic organisms 
capable of building organic substance from mineral elements 
using solar light energy. Next come heterotrophs of different 
levels which employ substance and energy stored by photo
synthetic organisms in course of their life activity. Their

Bergson, H. VEvolution Creatrice. Paris, Alcan, 1912, p. 181.
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dead bodies and corpses of the photosynthetic organisms are 
decomposed by destructors down to mineral elements, which 
are supplied to the environment. The highly organized ani
mals, as a rule, are the end links of the trophic chain. They 
inevitably become, so to speak, concentrators of informa
tion stored by lower organisms. This information, however, 
is stored in a very peculiar form. As has been mentioned, the 
concentrator (the information accumulator) is “concerned” 
not with the information content, not with the way of synt
hesis of this or that substance but with the address of the 
information source. Exchange of hereditary information 
appears as exchange between phenotypes. Therefore, the 
trophic (food) chain beginning with the primary producers 
and ending with beasts of prey is a chain of information trans
fer from lower units to higher units in the form of ready pro
ducts. This results in an enormous amplification of the in
formation contained in higher units. Capacity is developed 
for “finding the addresses”, that is, for active choice of en
vironment for existence. It should be borne in mind in this 
context that predatory animals, by concentrating informa
tion of the lower units, work as selection factors determining 
the change of the information contents of their victims. The 
victims develop various protective contraptions and acquire 
information on the ways by which the enemies detect the 
victim, and assault them. Again, it is information on the phe
notypic features of the enemies that they have to do with.

The foundation of evolution is the interaction of various 
kinds of phenotypes between themselves. Darwin wrote: 
“...the structure of every organic being is related, in the most 
essential yet often hidden manner, to that of all other organic 
beings, with which it comes into competition for food or resi
dence, or from which it has to escape, or on which it preys”. n 
There are three essential points in this statement. First, the 
existence of ties between organisms, second, the dependence 
of structure of organisms and relationship to other living 
creatures, and third, the fact that these ties connect them

Darwin, Cli. The Origin of Species by Means of Natural 
Selection or the Preservation of Favoured Races in the Struggle for Life. 
London, fitli ed., Geoffrey Cumberlege Oxford University Press, 1872, 
p. 77.
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not to all organisms but only to members of some association 
(biocoenosis). The third point is of high importance. Ashby 
justly noted, that “...for the accumulation of adaptations to 
be possible the system must not be fully joined... . For this 
to be possible it is necessary that certain parts should not 
communicate to, or have an effect on, certain other parts.” 1} 
The big system — life—can exist and develop only provided it 
is made up of more or less independent subsystems that are 
capable of autonomous change.This is the case of biocoenoses, 
species, populations and individuals. The evolution of an en
tire macrosystem becomes possible owing to the emergence of 
new features in relatively independent populations. If every
thing would have been connected with everything no deve
lopment would have been possible.

The Role of Definite Changes in the Evolution

The understanding of the high importance of the pheno
type in evolution again-poses the question as to the role 
played by various changes in this process. Variation of orga
nisms is the sole source of the formbuilding. It affects to 
this or that extent ail parts or organs of living beings. De
pending on the peculiar features of these parts or organs 
they are changed in different ways under the impact of dif
ferent factors. The DNA of the cells is altered by radiation 
as well as the effect of all kinds of chemical agents which di
rectly or indirectly affect the course of its replication. As the 
result, stable changes of its structure that are inherited 
emerge—the mutations. This includes the change of indi
vidual nucleotides (point mutations or locus mutations) as 
well as their destruction (deficiencies), multiplication (po
lymerization), and reconstruction (translocation, inversion).

Organism which develops out of a cell that has undergone 
a mutation, especially if the latter is carried by both the 
homologue chromosomes, differs to a greater or lesser extent 
from the original one in certain features. For instance, the 
dark variety of peppered moth differs from original light- 
coloured one, and the “eyeless” mutant, from the fly with 
normal eyes.

l) Ashby. YV.lt. Design for a Brain. London, Chapman and 
Iiall, 2nd ed., 1960, pp. 155-156.
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Various DNA nucleotides can he altered by the above fac
tors, which is manifested in the change of various characters 
of the developing organism. Its external appearance, physio
logy and behaviour response are changed. This category of 
variation is identical to that referred to by Darwin as indef
inite. On the basis of the indefiniteDNA variation, (hat is, on 
the basis of mutations, the DNA itself is reconstructed, and 
thus the genotype evolves. All kinds of ways by which the 
evolution of the DNA occurs have been recorded. The relation
ship of the nucleotide couple containing guanine and cylo- 
sineto that with adenine and thymineis modified; the sequence 
of nucleotides carrying certain nitrogenous bases changes; 
certain sets of nucleotide sequences come to be integrated 
into peculiar blocks, the pattern of these blocks being simi
lar for the cognate species. Among the DNA blocks with 
various nucleotide sets blocks wholly composed of repeated 
units often occur. In higher organisms, along with the basic 
DNA strand, there occur satellite strands, the so-called sa
tellite DNA, etc. Thus, the features of DNA evolution are 
highly variegated.

The indefinite character of DNA change—the mutations— 
enables the species to undergo successive change and to res
pond in future to the environmental conditions as yet non
existent. “It is practically clear,” N.P. Dubinin writes 
“that only those forms are capable of the variegated evolution 
in future environmental conditions among which variously 
set indefinite hereditary deviations occur. The uncertainty, 
the objective randomness of hereditary variation is the sole 
avenue for the long progressive evolution” n.

Along with the indefinite variation, Darwin distinguished 
the definite variation that later on became known as modifying 
variation. The word “definite” implies that the changes re
ferred to this class are sets of responses of the developing 
organism to quite certain environmental factors. These res
ponses are in many cases adaptive. For example, the orga
nism responds to a lowering of temperature by developing 
a denser hair; the muscle is increased in size by exercise; 
the yields of farm crops grow due to fertiliser.

J) Dubinin, N.P. Evolution of Populations and Radiation. Moscow, 
Atomizdat Publishers, 1966, p. 616 (in Russian).



184 KVOLUTJON OF HIOSPHKHK

Since the features of the developing organism (phenotype) 
are not reproduced as such, the definite changes are lost as 
soon as the factor that has caused them disappears (the lower 
temperature, fertiliser, etc.). Hence, in contrast to Ihe in
definite variation that is reproduced even after the factor 
that has caused if ceases its action, the definite change is 
lost after the action ceases. In an experiment it always 
happens. This explains why attempts at experimental proof 
of the so-called inheritance of characters acquired in life
time had always failed. What happens, however, if the fac
tors that have caused the definite change are perpetuated? 
Naturally the modifying change will he retained, in parti
cular if it is adaptive.

it followed from the analysis of the factors of transfor
mation of the norm of reaction in nature that a change of 
life environment of certain species is determined by the ir
reversible alteration of the biosphere that occur as life acti
vity of its component species and as a result of changes of 
the abiogenic environment. This suggests, however, a con
clusion of a great and essential importance. Since in the 
course of the biosphere evolution the life environment of 
individual species undergoes irreversible alteration, the 
characters due to this alteration must be perpetuated. In 
other words, definite changes function in the evolution not 
only as a factor determining the phenotypic specificity of 
manifestation of indefinite variations but also as a factor 
of an independent importance.

The species and the biosphere as its life environment or 
more exactly as a whole, whereof it is a pari, are tied by an 
interactive relationship, or a feedback. And the “systems 
with feedback cannot adequately be treated as if they were 
of one-way action, for the feedback introduces properties 
which can be explained only by reference to the particular 
feedback used” 1).

In experiments studying the inheritance of acquired cha
racters feedback was absent. Therefore, as soon as action 
ceased its effect was lost. In nature irreversible changes of 
the environment of development occur. Therefore, in every 
new generation definite changes of the phenotype are reprodu-

Ashby, W.lt. Design for a Brain, ]>. 40.
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ced again and again. “Such an absence of feedback is, of 
course, useful or even essential in the analytic study of the 
behaviour of a mechanism, whether animate or inanimate. 
But its usefulness in the laboratory should not obscure the 
fact that the free-living animal is not subject to these const
raints”.1)

Analytical investigation of hereditary phenomena enabled 
refuting the dogma of inheritance of acquired features but it 
was not sufficient to understand the actual function of def
inite variations in the evolution.

Since the biosphere is largely composed of living beings 
and the abiotic milieu transformed by their activity, definite 
changes of phenotypes of this or that species are directly or 
indirectly determined by the activity of the genotypes con
stituting the entire living system. The constancy of reproduc
tion of definite variation is thus determined by the genotype! 
The phenotypes in this situation work as a mode of tie bet
ween the genotypes. In the cell the genotype is replicated by 
the l)NA-polymerase enzyme. In the biosphere the genotype 
can be reproduced solely through phenotype. This is possible 
only by exchange of substance, energy and information with 
other phenotypes in the biosphere.

The understanding of the real role played by the definite 
variation in the evolution has a major significance for eluci
dating the course of this process: (1) it finally shatters the 
dogma of the so-called inheritance of acquired characters. 
The definite changes are fixed not by heredity but by irrevers
ible environmental changes; (2) the hypothesis of special 
systematic mutations, the hopeful monsters, becomes need
less, that has been proposed by the German geneticist R.Gold
schmidt as “only a single solution” for the macroevolution 
problem “as the genetist is unable to accept the Lamarckian 
viewpoint” * 2); (3) the contraposition of micro- and macroevo
lution disappears. The factors of the evolutionary process 
are common but taking different forms at different levels; 
(4) the amazing purposiveness of physiological functions 
becomes understandable. Indeed, natural selection retains 
only those definite changes that are marked for these particu-

O Ashby, W.R. Design for a Brain, pp. 38-39.
2) Goldschmidt, It. The Material Basis of Evolution. New Jersey, 

1940, p. 21R.
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lar qualities; (5) since the organisms respond to similar en
vironmental change by similar phenotypic change this 
provides simple explanation to convergence in development 
of species belonging to different taxones and to parallel 
development of congener species; ((>) fully “rehabilitated” is 
Darwin, who in the last years of his life was inclined to ac
count for a number of complex evolutionary phenomena with 
a hypothesis of inheritance of acquired characters. Many of 
the instances he offered, as well as the examples of palaeontolo
gists who adhere to the dogma of inheritance of acquired 
characters (for example E. Cope, Th. Eimer, K. Zittel, 
N.N. Yakovlev) are given an explanation that requires no 
concessions for this dogma; and (7) the ideas of F. Engels set 
forth in his work “The Role of Labour in the Process of Trans
formation of Ape into Man” acquire a new sense. This paper 
also deals not with the inheritance of acquired characters 
but with definite change caused by a new attitude to environ
ment due to the working activity and active restructuring of 
this environment. It is essential that definite change takes 
place not only in separate individuals but in all organisms 
that undergo the irreversible change of the environment.

The emphasis on the definite change of phenotype in the 
evolution by no means reduces the importance of natural 
selection for this process. First, solely such definite change is 
retained which in the particular environment ensures sur
vival. Second, on the background of definite changes the 
indefinite variation is realized in a direct fashion. Revalua
tion takes place, as it happened in experiments which showed 
the role of environmental conditions for selection.

An Example of Evolution of a Large Group of Organisms

The role of various evolutionary factors in the develop
ment of a large group of organisms is graphically exempli
fied by the evolution of the hymenopterous insects that have 
been studied in detail by the Soviet entomologist S.I. Ma
lyshev J). The Hymenoptera order are a highly numerous and

Malyshev, S. I. The Shaping of Hymenoptera Order and the 
Phases of Their Evolution. Moscow-Leningrad, Nauka Publishers, 
1966 (in Russian).
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Fig. 43. Female of Panorpa communis laying eggs on the ground 
(after Grasse)

prosperous order of insects including more than 250 000 
species of all kinds of wasps, bees, ants, ichneumon flies, 
gallwasps, wood wasps and sawflies.

The ancestors of the Hymenoptera order appeared some 
3* 108 years ago and were saprophytes. Their descendants have 
been preserved in true scorpion-flies that still feed on rot
ting vegetable remnants and dead bodies of insects (Fig. 43). 
It was easy to pass over from feeding on vegetable remnants 
to eating the fallen off gymnosperms or the fern spores.

S.I. Malyshev showed that the true scorpion-flies living 
at present can also eat pollen of plants. The next step was 
to feed on pollen of coniferous blossom clusters, thereafter 
on the succulant parts of the gymnosperms and later on on 
angiosperms. This is how in the Permian epoch—2.5 *108 
years ago—there developed from saprophytes the phyto
phagous insects, whose descendants have survived till 
now as the sawflies, the hymenopterous group that comprises 
a great multitude of species.

In adapting to life on various parts of plants some saw- 
flies came to lay eggs under the plant epidermis. Together 
with the egg they excreted an active substance that irritated 
the plant tissue. This resulted in the formation of a gall 
inside which the larva hatched from the egg lived and fed. 
The galls were bound to attract the attention of other in
sects from the same gall-forming group. Indeed, the gall walls 
which are more rich in protein than other parts of the plant
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were a highly valuable food. Penetration of foreign galls as 
well as foreign nests is a widespread natural phenomenon. It 
has been given a special name—inquilinism. Insects laying 
eggs in others* galls or nests are known as inquilines or 
“cuckoo-insects”. Among the gall-forming insects there could 
be such inquilines that had lost the ability for excreting 
to the leaf tissue, together with the egg, the active sub
stance that caused the formation of the gall, or such insects 
who had never possessed that ability at all. The larva de
posed by the inquiline into the gall inevitably was to meet 
the host larva and compete with it for the stores of the nut
rient substances of the gall.

As S.I. Malyshev has shown in such a situation even the 
larvae of the phytophagous sawflies, such as pontonia, never 
remain indifferent to one another. One of them attacks the 
other, and the defeated one is killed. If the annihilation 
of the host larva initially was reasonable solely as destruc
tion of the rival it later became the indispensable for de
velopment. Apparently, those inquiline larvae which began 
by feeding on the tissues of the host larva grew better. The 
ability of the inquiline insect to lay the egg upon the host’s 
egg also developed. When it was no longer the gall but the 
egg that attracted the insect female, this provided premises 
to passing on to the next phase—laying eggs on eggs of 
other species. The predatory insects—egg-eaters appeared.

This is how new forms of Hymenoptera order came into 
existence—the ichneumon flies. Their development had pas
sed several stages. The first egg-eaters laid the eggs on those 
of similar forms, and later feeding on eggs of insects of other 
orders was developed. One of the branches changed for pa
rasitism inside a single egg. This resulted in the appearance 
of the smallest insect forms not exceeding 0.1 mm.

Parallel to improving the ability for laying eggs inside 
other insects* eggs the range of victims was expanded. The 
egg-eating ichneumon flies began to get under water and in
fect the eggs of water beetles, dragon flies and water bugs. 
A part of ichneumons for a second time changed over for 
vegetable food —the cells of plant germs. A specialized group 
of Hymenoptera order, the gall wasps, benefited by the abi
lity of a developed tissue for being converted to less diffe
rentiated or even embryonal state. As the result of the life
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activity of the larvae, the vegetative tissue grew to produce 
a gall-like nutrient embryonic tissue.

The ichneumon flies which infected the eggs of other in
sects “discovered” a further method of nutrition. A newly- 
laid egg of the parasite postpones its growth till that of the 
host develops into a more or less adult larva. It is only then 
that the larva hatched from parasite’s egg attacks the host 
larva and quickly devours it. This is how the large ichneumon 
forms appeared. S.I. Malyshev describes really astonishing 
cases of adaptation of ichneumon flies to existence on quite 
diverse victims, thus demonstrating exceptional abilities of 
the Hymenoptera order to mastering a wide range of sources 
for life activity. The adaptive evolution of the ichneumon 
flies’ ancestors has led to a wide variety of different groups 
of Hymenoptera order —wasps, ants and bees. Instincts that 
astonish by their perfection were formed which had more than 
once perplexed the researchers. Usually the latter are inclined 
to forget about the millions of years of adaptive evolution 
and lose out of sight the integrated character of the evolu
tionary process. It is not all individuals that have the op
portunity for laying their eggs in optimum conditions, a 
part of the offspring develops in an environment which differs 
from the normal one. A majority perishes. Individuals that 
survive, first, somewhat differ from the normal both in ge
notype and in phenotype. And, second, the development in 
new conditions changes the relationship of the adult form 
to the environment; the preference for choice of a new envi
ronment develops—namely for that in which the larva has 
grown. The new tie is fixed with the aid of the instinct 
of choice. As the result a premise for emergence of a new 
form is provided.

What are the mechanisms which are set in action by its 
appearance?

1. The ability of reproduction which inevitably leads a 
part of the individuals to outpass the limits of the optimal 
habitual environment.

2. A hereditary heterogeneity that is observed as differ
ences in phenotypic characters and hence in different capacity 
of survival in a non-optimum environment.

3. The ability of being changed phenotypical ly under the 
influence of growth in unhabitual environment. This may
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lead to changeable morphological and physiological fea
tures.

4. The acquisition by the larva of the information on the 
new environment and retainment of this information by the 
adult individual, which is expressed in the choice of certain 
environment for the development of the larva.

5. Gradual alteration of the biotic environment by means 
of the ecological mechanism of genotypic information 
exchange.

Acquisition of new information is thus achieved by fixing 
the new relationship to the environment.

This is how the macroevolution of species and larger taxons 
occurs in a diversified fashion. Microevolutionary processes 
also take place here but their qualitative peculiarity is 
determined by the place of the evolving group in the bios
phere, its relationships to other organism and the abiotic 
factors. Essential role is again played by phenotypes—mecha
nisms of specific transformations of energy, substance and 
external information. However, the main factor for trans
formation of external information into information of geno
type is certainly the natural selection.



Chapter 6

THE REGULARITIES OF THE BIOSPHERE EVOLUTION

The picture wo must keep before us. 
then, is 111Ht of a groat world engine 
or energy transformer composed of 
a multitude of .subsidiary units, 
each separately and all together 
as a whole, working in a cycle_ 

A. Lotka

We shall try in this chapter to take slock of the discus
sion of the problem of the biosphere evolution and to eluci
date the basic law-governed regularities characteristic of 
this process.

The Structure off Liffe

The structure of life is intricate and manifold. Having 
emerged somewhere in pre-Archean epoch as a circulation of 
organic matter life came to oppose itself to inanimate nature. 
This opposition, however, was of a peculiar kind. Appearing 
as a new quality in the process of differentiation of matter, 
life could exist and develop only in close unity with its 
progenitor—inanimate matter—the source of substance, 
energy and information.

The individual has a special role to play in the structure 
of life. Lamarck and his followers derived the evolution from 
changes occurring inside individuals. The eminent Soviet 
evolutionist K.M. Zavadsky described this approach as 
“organismo-centrism”* 2). The neo-Darwinists, on the contrary, 
refused to recognize whatsoever significance for the indivi
dual. According to the ideas of this trend of evolutionism, 
the phenotype (non-inheritable features) has no part 
to play in the evolution. The environment appears as merely 
a factor of mutagenesis and selection.

Lotka, A J . Elements of Physical Biology. Baltimore, Williams 
and Wilkins company, 1925, p. 335.

2) Zavadsky, K.jVj. Synthetic Theory of Evolution and Dialectical 
Materialism. Proceedings of Symposium oh “Philosophical Problems of 
the Evolutionary T h e o r y Part 11. Moscow, Nauka Publishers, 1971 
(in Russian).
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The analysis of the function of definite variation showed 
that in case of irreversible alterations of the environment 
the phenotype features can also be changed irreversibly, this 
occurring in a more or less identical way in all individuals 
of a population. The individual thus appears not solely as 
object of selection but as concentrator of external informa
tion. While preserving this or that kind of individuals for 
reproduction the natural selection thus conserves not solely 
this or that genotype but largely the procedures for integra
tion of external information, that is, the particular pheno
types. The individual is the basic substratum of life in which 
hereditary information and historical experience are accumu
lated. It is not occasional that precisely the individual is 
marked by being the most integrated entity.

It is possible to draw up a series of progressively growing 
intricacy of internal relationships.

The biosphere consists of a more or less independent biogeo- 
coenoses. A biogeocoenosis is a set of populations of various 
species confined to a certain habitat. The species are tied 
with one another by various kinds of links which are closer 
than those between the biogeocoenoses. The population of a 
species is already an integral whole especially taking account 
of the genealogical relationships between the generations; the 
individual in its turn is a most integrated unity of diverse 
parts.

By virtue of its specific features every structural level 
of the biosphere has a peculiar part to play in the latter’s 
evolution. The individual is primarily a laboratory of new 
formations; population is the primary unit for activity of 
the natural selection; the biogeocoenosis is the primary unit 
of the evolution, as it contains all the basic components of 
the biotic circulation; finally, the biosphere which exists 
owing to the biotic circulation of the planet is life itself in 
all its variety, stability and ability of progressive develop
ment. The new features are manifested in the individual and 
their ultimate destiny and significance are determined by 
the biosphere.

An analysis of the cyclic structure of life reveals a further 
essential feature of the organization of living matter. Many 
of large animal and plant taxons in the course of the adap
tive radiation break down into similar ecological types.
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For example, among the insect and vertebrate orders there 
exist analogous life forms: phytophagous, predators and sap- 
rophagous. Among the aquatic crustaceans of different or
ders there occur filter feeders, predatory and phytophagous 
forms. The predatory and parasitic forms are found not only 
in the animal kingdom but among fungi and higher plants. 
This parallelism in the formation of similar adaptive forms in 
differing taxons adds to the complexity of life organization. 
The cycle proves to be made up of a great number of parallel 
strands spun together into a “thick rope” of individual in
teracting species. The new species not always come to super
sede the old one but, being spun into the cyclic structure of 
life in parallel to the existing species, make it stronger. 
These parallel strands (birds and animals, insects send fungi, 
etc.) come to develop relationships of rivalries which give 
rise to informational connections as pre-requisites to further 
growth of organization’s complexity. This “thickening” of 
life’s cycle also is an aspect of its progressive development.

From the viewpoint of the systematics, the biosphere struc
ture appears as an hierarchical system: species are joined 
together into genera, genera into families, and next go orders 
and types. The classical views pictured the development of 
life as a process of successive divergencies. It resulted in a 
variety becoming a species, species giving rise to a genus and 
genus to a family and so on. Indeed, this is how the process 
of life’s development appears, if one chooses the species for 
the point of departure. A different perspective is also pos
sible, however: the major taxon units were formed not as 
the result of the development of smaller ones but, on the 
contrary, the latter are the product of differentiation 
of larger units.

If life’s evolution is conceived as the process of diffe
rentiation of matter, the latter view seems to be more ade
quate. Indeed, it was the circulation of organic substance 
which came to the existence first and within which the indi
vidual species of organisms gradually took shape. The di
vergence appears as a mode for differentiation of living 
matter. Ever new units are built into the primitive relation
ships of synthetic organisms and destructors. In these terms 
the differentiation of the major system appears as a progres-

13^-383
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sive integration of its elements into ever new organizational 
clusters. The classical notion supposed that integration fol
lowed differentiation. The reverse relationships however, 
seem to have taken place in the evolution: new integration 
of elements leads to differentiation of matter. It is in this 
way that the chemical elements were formed in the space 
as well as organic substance, it is the process by which the 
first organisms were created and the first multi-cellular ones 
appeared, etc. It is on this principle that the individual’s 
growth is based. The specific integration of external informa
tion that is of a poor specificity leads to differentiation of an 
organism into tissues and systems of organs. In all these 
cases the general is shaped prior to special, while special 
developed as a progressive integration of elements of the 
general.

The brain of higher organisms—the most miraculous pro
duct of differentiation of matter—appeared as the result of 
integration of nervous elements. Its basic function was to 
provide for survival of complex organisms in a complex me
dium. The American mathematician G. Zopf writes: “The 
brain or its ‘interesting’ parts (if the word ‘part’ may be ad
mitted at all) is an integral part of a large system, not only 
integral with, but most likely specific to, the remainder of 
that system. To withdraw it blindly will give us something 
quite another than we hoped for... the great bulk of the ner
vous system is not dedicated to those ‘useful’ activities we 
hope to replicate. It is not devoted to the luxuries of pure 
thought on arbitrary problems, but rather to the restricted 
dirty work of daily life—maintenance and coordination of 
some dull and inobvious little Constances. In fact, a strong 
case can be made that the ‘higher’ mental functions are 
strictly in the service of some pretty grubby lower activi
ties.” 1] In other words the higher functions of the brain are 
but a superstructure built on its simpler but highly important 
other functions. They are a product of integration of nerve 
elements in the cerebral cortex. 2

2) Zopf, G.W. Attitude and Context. In: Principles of Self-organiza
tion. Pergamon Press, New York, Oxford, London, Paris, 1962, p. 340.
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Non-uniformity of the Evolution

A major character of the evolution is its non-uniformity. 
It is both manifested in analysis of the evolution as a whole, 
as well as in studying the evolutionary change of individual 
groups. The emergence of Hymenoptera order was a case in 
point. And at present along with true scorpion-flies, which 
appeared hundreds of millions years ago, there live and 
flourish higher hymenopters that had covered a long way of 
their evolution. Gradually conquering ever new biotypes, 
representatives of this order of insects had not relinquished 
their old positions. The non-uniformity of the evolutionary 
process is even more conspicuous in comparing higher and 
lower forms of life. Indeed, alongside the higher multicel
lular organisms the Earth surface is inhabited by a huge mass 
of relatively low organized creatures which are quite flourish
ing. “The whole type of single-celled organism”, A.N. Se- 
vertsov writes, “in its structure is a survival of a fauna that 
is unimaginably remote from our time.” 1*

It may seem that they had stopped in their development. 
This impression is false. Low organisms are no occasional 
survival of the past but a part and parcel of the integrated 
system of organic world, the basis of its existence and deve
lopment, without which internal exchange between members 
of this system would be impossible.

The organic world appears as a network of interacting 
species embracing practically the entire globe. Higher orga
nisms are but clumps of living matter, concentrators of the 
products of the synthesis of the lower forms. The multicel
lular organisms function, as it were, as “storerooms” of or
ganic matter, thus acquiring the function of initiators of 
new forms of biochemical activity for lower organisms (sup
plying ever new substrata). They create pre-requisites for 
penetration of the single-celled organisms into the biotypes 
they had not inhabited earlier (the depths of the ocean, 
caves, and tissues of the multicellular organisms). In other 
words, when the multicellular organisms appeared on the 
Earth, the interdependence of the species became even more

X) Severtsov, A.N. The Main Trends of the Evolutionary Process. 
Moscow-Leningrad, Biomedgiz Publishers, 1934, p. 101 (in Russian).

13*
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complicated while at the same time the stability of the 
organic world as a whole became stronger.

“The new combinations of biochemical reactions that emer
ged in the course of the evolution in the various micro- and 
macroorganisms do not always come to replace the old links 
of exchange but only supplement these, adding themselves as 
‘superstructures’ upon the former internal chemical mecha
nisms of the protoplasm... As the conditions of existence 
change in the course of the evolution and the process of ex
change is perfected, ever new superstructures come to be im
posed upon its primary mechanisms, which differ for various 
organisms while retaining intact the principle of organiza
tion of all living matter in general”, x) A.I. Oparin notes in 
speaking on the evolution of the biosynthesis.

The same regularity seems to be valid for the evolution of 
the organic world as well. As living matter develops, ever 
new storeys are built up on the rather solid basement of the 
single-celled organisms. In this way the basic biogeochemical 
functions of the living matter, which are in the long run in 
dispensable for survival of life on the Earth, are retained. 
The unevenness of the development of the organic world 
proves to work for raising the exchange of energy, substance 
and information among the variously organized groups of li
ving beings. This simultaneously perpetuates the past achie
vements and forwards the development towards further prog
ress. It is obvious that in this progressive development not 
only higher but also lower forms take part whose enzymatic 
system becomes ever more flexible, enabling the basic bio
chemical functions to be performed much more efficacious 
and economical.

The entire process of evolution can be subdivided into 
four principal stages:

1. The emergence of the biochemical organization began 
approximately 3*10® years ago and was largely completed 
by the Cambrian.

2. The morphophysiological progress began prior to the 
Cambrian, i.e. over 0.5*10® years ago and continues even

Oparin, A.I. The Origin of Life on the Earth. Moscow, The Pub
lishing House of the Academy of Sciences of the USSR, 1957, p. 363, 
396 (in Russian).
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today. However, not all organisms took the path of the mor- 
phophysiological progress.

3. The evolution of complex behaviour seems to have tak
en its origin with the appearance of the insects, that is 
some 2.5 *108 years back. It occurs in all types of multicel
lular organisms and especially in arthropods and verteb
rates.

4. The evolution of consciousness is typical of the develop
ment of human society, and its progress began with the ap
pearance of working activity of men, i.e. 5-105 years ago.

Each successive stage of the evolution had borne a major 
imprint on the entire evolutionary process, but none of them 
cancelling the results of the preceding stages.

The Unity of the Life Substratum

Life has appeared about 3*109 years ago and still exists. 
Organisms living today are direct descendants of the pri
mary protobiocoenosis or protobiocoenoses. “Similarly as 
the life of a new creature is nothing but continuation of the 
life of creatures which were its predecessors, its protoplasm, 
as well, is nothing but extension of the protoplasm of its 
ancestors. It is the same protoplasm, it is still the same 
creature,” 1* Claude Bernard wrote. The present-day data on 
the essential similarity of the basic substratum of life of all 
organisms endow this idea of the brilliant French physiolo
gist with a particularly modern meaning.

Various facts can be cited to prove the unity of the life 
substratum of all organisms. In the first place it is cer
tainly the data confirming that all the organisms make use of 
a common genetic code. “ABC of life” is the same for all the 
organisms.

It is due to the existence of a common hereditary code that 
bacteria can transmit hereditary characters not immediately 
from cell to cell but through bacteriophages. Data are being 
accumulated suggesting that individual hereditary features of 
higher organisms can also be transmitted from individual to 
individual and perhaps even from a species to a species by 2

2) Bernard, C. De la physiologie generate. Paris, Hachette et. co., 
1872.



198 EVOLUTION OF BIOSPHERE

viruses. A prospect is opened for genetical therapeutics, that 
is for correcting the hereditary defects of DNA by transfer of 
normal DNA by means of viruses to the defective cells. First 
and rather promising results towards that end have been 
obtained at the American Public Health Institute by C. Mer- 
ril, M. Grier and J. Petricciani1) 2. Some people suffer 
from a hard hereditary disease. They lack the enzyme capable 
of processing galactose (a component of milk sugar). The 
synthesis of this enzyme is the responsibility of a certain 
gene, which is rather widespread in various organisms. In 
particular, it is possessed by the bacterium E. coli. Merril 
and his associates made use of a culture of tissues of a sick 
person. The fibroblasts (cells of the connective tissue) grow
ing in culture also were incapable of processing galactose. 
By means of bacteriophage scientists succeeded in transfer
ring the gene responsible for the synthesis of the missing 
enzyme from E . coli to human fibroblasts. After this opera
tion the fibroblast began to synthesize the enzyme which 
it lacked earlier, and galactose came to be processed success
fully.

Another group of facts is the hybridization of the somatic 
cells. Biologists and physicians have a long and successful 
experience of use of the method of cultivating cells of the 
body outside the organism. G. Barski, S. Sorieul and 
F. Cornfert2) in 1960 mixed up cultures of two different types 
of the cancer cells of a mouse differing in some morphological 
features and particularly in the shape of the chromosomes. 
After a few months they found hybrid cells. These cells con
tained the chromosomes of the cells of the initial cultures. 
In some cases the hybrid cells possessed even a greater 
viability than the initial ones.

After the method of hybridization of the cells of diffe
rent strains of one and the same species was elaborated vari
ous researchers undertook attempts at hybridizing the so
matic cells taken from different species. They succeeded to 
hybridize the somatic cells of mouse and rat, hamster and

u Merril, C.R., Grier, M.R., Petricciani, J.C. Bacterial Virus 
Gene Expression in Human Cells, Nature, London, 1971, pp. 233, 398.

2> Barski, G., Sorieul, S., Cornfert, F. “Hybrid” Type Cells in 
Combined Cultures of Two Different Mammalian Cell Strains. J, N at . 
Cancer. Inst., 26, 5, 1269, 1961.
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mouse and, finally,mouse and man.The hybrids of the somatic 
cells of mouse and man resembled more the cells of a mouse. 
This was due to their retaining all the chromosomes of the 
mouse and only some—from 2 to 15 of the 46 chromosomes 
of man.

The compatibility of the somatic cells of the forms that 
have so far diverged in the course of evolution as mouse and 
man is certainly amazing. It proves that for millions of years 
the essential similarity of the basic life functions of the 
cells has been retained despite the'great differences in the 
individual development of each organism. These facts are par
ticularly interesting if one recalls the well established in
compatibility of egg cell and spermatozoid belonging to diffe
rent species. It appears that the incompatibility of the germ 
cells arose not as a by-product of divergence but as a special 
contrivance to prevent hybridization.

A further category of facts are the phenomena of parasitism 
and symbiosis which have been discussed earlier. All these 
facts show that in spite of the striking diversity of forms 
of life at its base, common fundamental processes lie which 
make us related not only with the remote ancestors but with 
all living organisms at present existent. “Since we recognize 
real direct or indirect material continuity of all species,” 
the Italian zoologist Colosi wrote in 1956, “the totality of 
all species present and past constitutes, so to speak, one 
organism made up of a complex of parts (species), differen
tiated but bound up with one another.” 1*

The Motive Forces and the Adaptive Form 
off the Evolutionary Process

The history of biology has recorded numerous attempts 
at answering the question as to the basic motive factors 
of the evolution. Some believe that life develops under the 
impact of a certain vital impetus. Others identify this 
development with growth. Still others hold that the motive 
forces are hereditary variation, selection and isolation. 
There are still other scientists who move to the foreground

Colosi, G. Filogenesi e sistematica, XXVI I I  Convegno dell' 
Unione Zoologica Italiana. Napoli-Salerno, 1956, p. 799.
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the natural selection. Regrettably, a distinction is not 
always clearly drawn between the two notions: the motive 
forces of the evolutionary process and its adaptive form. 
The water in a river flows obeying the force of gravity, 
while the form of the river bed is determined by the lands
cape that forms the configuration of its banks. There is no 
river without banks, but it is not banks which move water 
in the river.

The organic evolution is moved forward by the eternal 
conflict between the limitless ability of reproduction and 
the limited capacity at each historical stage for utilizing the 
material resources of the environment. The active side of 
this conflict is the ability of reproduction, which is due to 
the synthesis of the macromolecules of the protoplasm, that 
is to the basic feature distinguishing the living matter from 
inanimate bodies.

Following Erasmus Darwin and often independent of 
him, so diverse great scientists as Charles Darwin, V.I. Ver
nadsky, N.K. Koltsov, Th.H. Morgan, J. Huxley use 
almost the same words to describe the ability of self-repro
duction genus as a most typical property of living beings, 
compared with bodies of inanimate nature. 1.1. Schmal- 
hausen writes about the ability of self-reproduction as 
a self-understood premise to the evolutionary process.

The ability of reproduction can be implemented only 
provided it is vested in the form of an adaptive process. 
The prime condition which must and is actually fulfilled 
is the existence of the biotic circulation based on the inter
action of photosynthetic organism and destructors. Only 
circular processes can be reproduced over long spaces of 
time. Therefore life with its ability of reproduction could 
emerge and develop only as circulation of organic matter. 
After the studies by V.I. Vernadsky and the American 
mathematician A. Lotka and in conjunction with the 
penetration of cybernetic ideas into biology, this conclu
sion becomes ever more evident.

The ability of reproduction leads to the appearance of what 
can be called “pressure of life”. The “pressure of life” has 
led and is leading to seizure of new places by hereditarily 
heterogeneous things. The seizure of new place (a new source 
of substance or energy) is inevitably accompanied by a change
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of the living matter. If this change proves viable in new 
conditions it is preserved, otherwise it would perish. In 
case of survival the organism gains information on the way 
of interaction with the environment.

The natural selection, as Darwin has repeatedly pointed 
out, cannot cause variation. However, by fixing the charac
ters it endows the hereditary variation with a definite phe
notypic form and thereby predetermines further evolution
ary potentialities. By determining the adaptive form of 
the evolutionary process natural selection acts as a creative 
factor of evolution.

The theory of natural selection has been created by 
Charles Darwin over a century ago. And yet even today 
biologists of different scientific trends give different assess
ments of the role of this agent: some regard selection, 
obviously, as the indubitably unique and sufficient factor 
of evolutionary progress; others maintain that selection as 
such cannot create or strengthen anything. It is not a crea
tive factor of historical development. Still others admit 
that even without natural selection evolution could happen. 
This discrepancy of opinions stems from the fact that diffe
rent scientists understand different things by this metapho
ric expression of “natural selection”.

What is natural selection? The essence of this process 
is that individuals having different hereditary features leave 
different numbers of descendants when living in a certain 
environment. Briefly speaking, natural selection is diffe
rential reproducibility of the individuals with different 
genotypes.

The prevalent reproduction of individuals of certain geno
types as compared with other ones depends on the properties 
of the environment. When selecting for cold resistance in 
the experiments described above, the larvae that survived 
had a different genotype from that acting in selection for 
higher vitality at normal temperature. Thus, natural se
lection is expression and result of interaction of two systems. 
One system is population of organisms differing in heredi
tary features, that is, a system possessing various competi
tive developmental tendencies. The other system is external 
environment, which is primarily organisms of other species. 
It depends on the environmental features which of the rival
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tendencies will be promoted. Outwardly this is expressed 
in survival of some and death of other organisms.

Natural selection, if so conceived, does not in principle 
differ from factors of individual development of an orga
nism. Indeed, for a cell nucleus differing and obviously 
competing processes are typical. The features of the cytop
lasm—the decorg—determines which of the processes will 
have a priority development. The cell in the system of 
a multicellular organism is also characterized by the pre
sence of various potentialities. Which of these potentiali
ties will be selected and promoted depends on the place 
occupied by the cell in the system of the organism. The or
ganism “chooses’' from a set of tendencies inherent in the 
cell those which conform to its place in the organism. 
When the rudiment of eye (the eye cup) growing from the 
brain rudiment touches from inside the surface layer of 
cells, these cells become flattened and turn into a rudiment 
of eye lens. If the contact is barred, the lens does not deve
lop. A rudiment of eye can be transplanted into another 
place under the layer of cells of future skin. In that case 
a lens is developed above the eye cup instead of skin. In 
other words, the cells of future skin possess several alter
natives of development. The interaction with the eye cup 
directs their specialization into the lens.

Finally, the characteristics of development, contained in 
the genotype, is differently materialized depending on the 
environmental features. The environment determines (i.e. 
essentially also “chooses”) which of the developmental al
ternatives will actually take place. In the course of natural 
selection the biogeocoenosis determines which of the ge
notypes would proliferate further. The biosphere as a whole 
“selects” the most perfect biogeocoenoses.

For all the diversity of the above examples, they all show 
some really common entity: the appearance of new as the 
result of interaction of two active systems possessing a range 
of potentialities. The resemblance is further emphasized, 
if one is not confined to the change of a single system (the 
function of the nucleus, specialization of the cell, shaping 
of the crystalline lens, development of the phenotype, 
hereditary change of populations, species, biogeocoenoses). 
The other system, the “environment” is also changed as
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the result of interaction with the former one. Changes 
affect the cytoplasm, the cell medium, the eye cup, the en
vironment of individual development, the biogeocoenosis 
and the biosphere. In other words, in all these cases we 
deal with exchange of the specificity (information) between 
the interacting members of a system of a higher order (cell, 
tissue, organism, biogeocoenosis, biosphere).

The similarity between the development of an embryo 
from an egg, the evolution of species as controlled by natu
ral selection and the evolution of the biosphere prove to be 
far greater than as may seem with a one-sided approach to 
these processes. In all the cases the emergence of the new— 
the development—turns out to result from the interaction 
of complex active parts of a system. The inevitable result 
of this interaction is the various forms of selection and choice. 
Natural selection discovered by Darwin is thus a special 
case of the universal law-governed regularity of develop
ment which is proper of nature in general.

Life comes to be visualized as a spiral composed of two 
basic branching stems (photo-autotrophic and heterotrophic 
organisms). In contrast to tree branches, the branches of 
life are engaged in a permanent interaction with each other, 
forming an ecological network. The spiral is moved due to 
light quanta; mineral elements are continually involved 
in it, which together with the spiral form the biosphere. 
In absorbing ever new portions of energy and in transfor
ming substance and utilizing various information sources, 
life is expanding. A conflict constantly arises between the 
potentially limitless ability of reproduction and the limited 
opportunities at each particular historical stage for using 
new material resources of existence. This conflict between 
the living and the non-living is solved historically on the 
basis of the variation and natural selection in the way of 
mastering new sources of vital activity, which leads to 
a progressive expansion of interaction between the biotic 
and the abiotic, to constant reconstruction of the biotic 
relationships and the life environment and to storage of 
information. The formation of species is a manifestation 
of this process.

The interaction of the living and the non-living is com
plicated by the fact that the latter is changed not only
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under the impact of life but according to its own laws. 
These are the century-long changes of climate, redistribu
tion of sea and land in periods of intensive rock-formation, 
accompanied by outbursts of volcanism enriching the at
mosphere with carbon dioxide, changes in cosmic radiation 
intensity, etc.

When changes occur in the inorganic medium due to 
various biotic and abiotic factors, not all organisms prove 
equally capable of survival. The more specialized species 
are the first to die out. The one-sided and narrow ties with 
the environment are superseded by broader and many- 
sided ones. The contents of life is continuously changing.

Thus, life is a peculiar unity of determinism and fortuity. 
The laws of determinism provide for the transmission of 
the accumulated information and thus for perpetuation 
of the achievements. However, since environment changes 
due to life activity and to abiogenic factors this rigid de
terminism comes into a conflict with reality. The laws of 
fortuity manifested in variation lead to destruction of the 
achievements and create pre-requisites for an outcome from 
the conflict and acquisition of new information. The main
tenance of life, hence, is possible only providing a continual 
change of its content. The evolution is an inherent property 
of life.

Life exists due to the continual inflow of energy, subs
tance and information from the surrounding environment. 
Energy, primarily photons, is used in the course of life 
just a single time, it flows through the system. As A. Lotka 
and V.I. Vernadsky believed, the per unit power capacity 
of life must increase in the course of the evolution. Orga
nisms which have acquired ability for absorbing a new 
portion of photons or for better utilizing of the chemical 
energy stored in other organisms gain an advantage and 
in the course of the evolution gradually get involved in 
the biotic circulation, rationalizing it and increasing the 
summary flow of energy passing through the living system.

The substance entering the life cycle is subject to conti
nual transformations. The expansion of the sphere of life 
during the geological periods has obviously resulted in 
a growth of the mass of substance involved in the biotic 
circulation. However, no direct dependence is observed
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between the development of life and the mass of substance 
involved in the life cycle. This is true at least for the pre
sent epoch. In some periods of life an obvious decrease of 
its volume has occurred, for instance the burial of the li
ving mass in the coal layers and in other deposits of a bio
genic origin. It seems that, as life expanded, ever new 
mineral elements came to be involved in the biotic circu
lation, thus increasing the chemical variety of the substra
tum of life.

What does change essentially in the course of the evolu
tion is the degree of organization of life and, hence, the 
measure of this organization—the amount of information. 
Conservation of information in the form of molecular, 
morphophysiological structures and the peculiar features 
of the biotic circulation is the most important property of 
organic evolution.

In the first chapters we have repeatedly discussed the 
question on the basic conditions of the emergence of complex 
phenomena from relatively simple ones. These conditions 
prove valid at all stages of the development of life:

1. The biosphere is a multi-component hierarchical sys
tem.

2. The various components of this system are connected 
by ties of different categories. The most stable ties survive 
(that is, are selected!).

3. There is a constant source of energy—radiation of 
the Sun—which provides for the alimentary (food) connec
tion between all the living components of the biosphere.

4. The growing function of the biosphere as a buffer, 
due to its multi-component structure, enhances the stability 
of the newly arising systems. Indeed, it is the stable 
systems that are retained as the result of selection.

5. Hereditary variation, change of life environment due 
to life activity as well as to abiogenic factors open unlimited 
prospects for progressive evolution.

Conditions of Formbuilding

The study of the history of the evolution of life on the 
Earth revealed extremely curious phenomena. In the most 
ancient system of the Paleozoic—the Cambrian—all types
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of invertebrate animals already occurred. In the Silurian, 
remnants of all classes of the animal kingdom have been 
found except amphibians, reptiles, birds and mammals. 
In the more recent periods the formbuilding was continued, 
though new types no longer appeared.

An impression is produced of ah explosion-like quality 
of the morphogenesis in the first periods of the evolution 
of life. The causes of this phenomenon should be certainly 
sought in the features of the biosphere of that time. The 
saturation of nature with life was not great and the compe
titive relations within and between species were weak, so 
that any change and, in particular, numerous mutant in
dividuals had a chance for survival and for leaving off
spring. Natural selection cast away only monsters incapable 
of proliferation. There were many trials and few censors. 
The life was experiencing a period of fantastic -experimen
tation. Then, as its density was growing, competition for 
the use of material resources came on the stage.

Those species of organisms which proved capable of tur
ning to account the features that had been useless until 
then continued to develop, those incapable were dying out 
and ceding their place to other forms of life.

The epochs of experimentation repeated every time that 
some of the individual species conquered new habitats on 
the Earth surface. Each conquest of a new habitat placed 
a species beyond the competition with other species for 
a certain length of time. This was accompanied by intensive 
morphogenesis which has been given the name of adaptive 
radiation. The history of life on the Earth abounds in such 
instances. It will suffice to mention the adaptive radiation 
of various orders of insects and, in particular, the radiation 
of the Hymenoptera order described in the preceding chap
ter, the adaptive radiation of the Mesozoic reptiles, the 
violent growth of birds and mammals in early Cenozoic 
and the case of adaptive radiation of ferns on some islands 
in the Pacific ocean described by V.L. Komarov.

As the biosphere’s density and complexity grew, its 
buffer action increased. This found its expression, on the 
one hand, in the growing biosphere’s stability with respect 
to various external abiotic influences and, on the other, in 
the retardation of the formbuilding. It no longer sufficed
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for the new to be simply viable, to survive and be prolife
rated—in the environment of an intensified rivalry with 
other species it had to become more viable than the origi
nal forms.

The growth of the buffer properties of the biosphere turned 
it into a well regulated system securing a more or less con
stant habitation environment for its component species. 
Hereditary variation which ensured in the early epoch 
a kind of evolutionary manoeuvreability of species, loses 
this property as the life environment gets standardized.

The constancy in the reproduction of features gains im
portance, as it secures for a species its place in the biotic 
circulation. This is achieved in two ways: by transition to 
various forms of asexual reproduction, which actually 
takes place and a rise of the threshold levels of morphoge
netic reactions. The latter resulted in the DNA variation 
ceasing to be manifested against the background of normal 
morphological features. This is what we observed, in parti
cular, in analysing the manifestation of hereditary 
variation in Drosophila against the background of the 
normal eye and the mutated eye—“eyelessness”.

The constancy of reproduction conditions has largely 
lowered the scale of definite variation. The chief role in the 
evolution was gained by the feebly manifested indefinite 
variation—the so-called minor mutations.

The contradictory interrelations of natural selection and 
formbuilding are well traceable in those cases in which for 
some reason the intensity of the natural selection is lowered. 
A case in point that should be quoted first is the wide radia
tion of the forms of domestic animals and cultured plants. 
The enormous hereditary potential of the species that man 
had involved into his economic activity has enabled him 
in a relatively short time to create both the pony horse and 
the giant heavy dray horse, the inconceivable variety of 
dog races, fine-fleeced and fat-tailed sheep, milch and meat 
breeds of cattle, highly valuable breeds of wheat, cotton, 
potato, sun-flower,v maize, etc.

In forming new breeds of animals and plants, both definite 
and indefinite variaticn was turned to account. Indeed, the 
development of these breeds, as a rule, took place in con
ditions of better tending and feeding, with employment
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of training (increasing the milk yield of cows, training of 
trotter horses) and the use of fertiliser. No race or breed, 
as created by man, could have survived for a long time in 
nature. Natural selection would immediately eliminate 
them from among those capable of holding a place in the 
biotic circulation.

Another example is the laboratory cultures of various 
organisms, in particular the Drosophila. An amazing va
riety of forms has been preserved for a long time in genetic 
laboratories cultivating this fly. There are eyeless, wingless 
and four-winged flies; the eye colouring in different lines 
ranges from colourless white to normal red and from various 
shades of red to dark brown or sepia. Many mutants kept 
in laboratories are isolated from the wild populations of 
Drosophila. But “in the field”, natural selection would 
immediately throw them out, as they cannot compete with 
the “normal” flies. In the laboratory there is no competition 
between mutants and normal individuals and natural se
lection is reduced to a minimum. Therefore, all mutants 
survive.

The third example refers to natural conditions. E.B. Wor
thington 1} studied the fish fauna of the genus Haplochromys 
in some African lakes. In lakes Victoria-Kioga and Edward- 
George big predators were absent. This has favoured a very 
wide radiation of the Haplochromys species. Some species 
feed on small plankton and have a small mouth and hairlike 
teeth, others chase for fish and have a big mouth with big 
teeth, still others eat mollusks and have teeth with a flat 
crown adapted for grinding the shells.

The number of endemic species, that is species occurring 
only in these lakes, is 58 for Victoria-Kioga and 18 for 
Edward—George. In two other lakes (Albert and Rudolf) 
active predatory fish —Lates and Hydrocyon are present. 
As the result the variety of the species of Haplochromys 
genus was reduced to four in Lake Albert and three in Lake 
Rudolf.

The picture is similar in comparing the fish faunas in 
the African lakes Nyasa and Tanganyika, which apparently

Worthington, E.B. Geographic Differentiation in fresh Waters 
with Special Reference to Fish. In: J. Huxley, The New Systematics. 
Oxford, 1940.
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arose in the early Cenozoic. There are no predatory fish 
in the former and the number of endemic fish species is as 
high as 171. In the latter lake, where some predatory fish 
live, the number of endemic species is as low as 90, despite 
that the life conditions in this lake are more diversified 
than in Lake Nyasa.

Analogous picture is observed in Lake Baikal.-Its fauna 
is characterized by an extraordinary variety of sand hop
pers. There has been discovered 250 species belonging to 
37 genera of which 35 genera are endemics of Baikal. Only 
28 genera of fresh water sand hoppers occur on the remai
ning territory of the Soviet Union; of these, only three are 
widespread in Soviet rivers. According to 1.1. Schmalhau- 
sen, the wide radiation of Baikal sand hoppers is due not 
to the absence of predatory fish eating them but to successful 
protection of adult forms from the predators; the results 
are the same as would be in case there were no predatory 
fish.

Similar phenomena are observed in studies of species 
formation on isolated islands. In his day Darwin described 
a wide adaptive radiation of bramblings on the Galapagos 
Islands, which also was favoured by absence of predatory 
animals. Since Darwin’s time the number of instances con
firming the growth of morphogenesis wherever the intensity 
of selection is suppressed, has multiplied.

Discussing such cases, J. Huxley comes to the conclu
sion: “Decreased selection-pressure permits increased va
riation. This is true not only for species or subspecies but for 
entire groups. In the former case the result is higher vari
ability, in the latter more extensive evolutionary divergence 
and radiation.” 1]

A one-sided interpretation of the relationships of natural* 
selection and formbuilding may lead and have actually 
led certain scientists to underestimating the role of natural 
selection. The outstanding Russian palaeontologist D.N. So
bolev wrote: “Selection does not create new life forms, what it 
does is not creating but destroying”2). And here are the words

1) Huxley, J.S. Evolution. The Modern Synthesis. London, 1963, 
p. 323.

2) Sobolev, D.N. Earth and Life. Kiev, 1927, p. 38 (in Russian).

14—383
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of a founder of genetics, the great American scientist 
Th.H. Morgan: “Natural selection may then be invoked to 
explain the absence of a vast array of forms that have ap
peared, but this is saying no more than that most of them 
have not had a survival value. The argument shows that 
natural selection does not play the role of a creative prin
ciple in evolution.” n

It seems appropriate in conjunction with these statements 
by Sobolev and Morgan to recall how Charles Darwin him
self understood the interrelation of variation and selection. 
He wrote “...for though variability is indispensably necessary, 
yet, when we look at some highly complex and excellently 
adapted organism, variability sinks to a quite subordinate 
position in importance in comparison with selection.” * 2) And 
this is certainly true. Natural selection is the only factor 
which perpetuates the results of Nature’s experimentation. 
Owing to it useful changes get accumulated, advantage is 
extracted from the useless and a certain level of organization 
is maintained. We have already spoken about it in analysing 
the results of experiments in selection of Drosophila for cold 
resistance, as well as the experiments demonstrating the 
breaking of the tie between fertility of Drosophila females 
and the eyesize.

The contradictory interrelations of natural selection and 
formbuilding are manifested not only when the intensity 
of selection is lowered but in the opposite cases—when it 
grows.

The modified cultural animal and plant species that took 
shape outside the competition with wild species are incapa
ble of enduring rivalry with them and, when released into 
natural environment either die out or become wild. Mutant 
forms of Drosophila introduced into the natural population 
of these flies cease to occur very soon. Special experiments 
by Soviet and foreign scientists have shown that their 
concentration in populations swiftly declined.

It was also Darwin who noted that plants and animals 
brought from the continent, as a rule, rather soon annihilated

Morgan, Th.H. The Scientific Basis of Evolution (2nd ed.). New 
York, W.W. Norton and Company Inc., 1935, p. 131.

2) Darwin, Ch. The Variation of Animals and Plants under Domesti
cation. London, J.Murray, 1868, vol. 2, p. 249.
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the variety of forms that was typical of the oceanic islands. 
Rats, mice, goats and pigs, dogs and cats, grown wild, be
come a real scourge. In particular, they are to blame for 
the quick impoverishment of the unique fauna and flora 
of the Galapagos Islands.

Some insects which are not specially numerous or harm
ful in their home areas when being brought to regions where 
their enemies or rivals do not live become a most noxious 
pest destroying the crops of cultured plants and tree plan
tations.

These examples, which could be multiplied, show that 
development outside the relations of rivalry, outside the 
competition for existence, while favouring the appearance 
of forms at the same time depresses their stability in the 
struggle for survival. Therefore, one should not be aston
ished by the facts of mass extinction of big taxons after peri
ods of a violent flourishing recorded by palaeontologists. 
The appearance of new predatory species and competitors 
as well as change of the abiotic conditions in the biosphere 
are sufficient reasons for dying out of species poorly adap
ted to such changes.

Some authors sought to account for the extinction of in
dividual species or larger systematic groups by their ageing 
(G. Brocchi). They supposed that species like individuals 
lived through periods of youth, maturity and old age, and* 
finally, death. This formally primitive and essentially 
idealistic theory could arise only from a view on the evolu
tion of individual species as happening perfectly indepen
dent of the biosphere with its biotic and abiotic components. 
This restricted view ot the evolution gave rise to this nar
row-minded theory.

Analysis of the biosphere evolution shows that extinction 
of species and larger taxons is an inevitable consequence 
of the development of life. A characteristic of this develop
ment is the alternation of periods when the process takes 
a more or less quiet course with periods of violent formbuild
ing, a kind of revolution in the biosphere. The transfor
mation of the oxygen-lacking atmosphere into an oxygen- 
rich one as the result of photosynthesis caused one of the 
first revolutions. Its result was the extinction of the mass 
of anaerobic organisms and the origination of aerobes. The

14*
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next revolution was the emergence of multicellular orga
nisms. Having won the competition with the single-celled 
species, these came to develop largely independent of the 
latter. There are grounds to suppose that a new outburst 
of the morphogenesis took place. The migration from sea 
to land marked the next turnpoint in the evolution of life.

Since species of different taxons migrated to dry land 
(both animals and plants), the big revolution—the conquest 
of dry land—occurred as a series of revolutions of indivi
dual taxons.

Each revolution was succeeded by a relatively quiet pro
cess of adaptive radiation and progressing specialization, 
which hid in its bosom the germs of future revolutionary 
transformations. Indeed, it led to a change of the biosphere 
structure and distribution of biogenic elements or, in brief, 
of the environment in which the species lived. The change 
of life environment opened opportunities for progressive 
development of species untill then existing “in the back- 
yard” of the evolutionary process. Thus, at the beginning 
of Cenozoic, mammals and birds began a vigorous develop
ment. “Unexpectedly” placed outside all competition, they 
produced a wide radiation of forms which was no lesser 
than that of the Mesozoic reptiles. The natural selection 
secured it that this radiation should have taken an adap
tive character.

The alternation of relatively quiet periods of species’ 
development with those of revolutionary transformations is 
evidence of a highly noteworthy regularity of the evolution. 
In evolving, the living matter, as it were, strives to wrench 
itself out of the grip of competition and natural selection. 
The conquest of new territories, penetration into new eco
logical environments, in other words, adaptive radiation—all 
is expression of the tendency of the evolving living matter 
for developing beyond competition. This tendency, how
ever, eventually leads to that one forms of competition being 
replaced by other, more complex forms; a temporary 
weakening of natural selection is superseded by its reinforce
ment. It is only in the branch leading to man the tendency 
for development outside competition and without the cont
rol of natural selection had found a sufficiently full expres
sion. V.I. Kremyansky in a highly interesting article on the
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self-eliminating activity of natural selection had given 
a detailed scrutiny of this important processx).

Generated by natural selection the tendency of a species 
for outpassing the scope of competitive relations with other 
species gives rise to a new tendency. Some species take the 
route of severing their ties with other species—the ties that 
had previously determined the course of their development 
in a certain direction.

A.S. Serebrovsky* 2) analyses an example of a change
over for asexual reproduction by a great number of flower
ing plants. Palaeontology shows that flowering plants de
veloped in close interaction with pollinators. The cross 
pollination safeguards a high survival rate of the offspring 
and a great hereditary plasticity on the base of combinato
rial hereditary variation. However, alongside these obvious 
advantages it has some major shortcomings. Cross-pollina
ting plants are in full dependence on the pollinators. A de
crease in the number of the latter, which may be due to all 
kinds of biotic or abiotic factors such as weather conditions, 
lowers the productivity of the cross-pollinated plants. For 
instance, clover often stays infertile due to the absence of 
the bumble-bees. Plants capable of reproduction without 
cross-pollination gain an advantage. One such plant is, for 
example, the violet Viola mirabilis which has the ability 
to form non-opening flowers, in which the seeds develop 
by means of self pollination—cleistogamy alongside the 
usual flowers pollinated by insects. Cleistogamy enabled 
this violet to penetrate into woods less visited by insects, 
and to begin to blossom in early spring when the insects 
are still few. A cognate species—Viola tricolor—flowers 
only in open areas in a season rich in insects. Other flower
ing plants have developed different ways of asexual repro
duction: apogamy (development of the cells of the embryo 
sac without fecundation), multiplication by rhizomes, 
bulbs, tubers, tendrils, etc.

1J Kremyansky, V.I. Transition from the Leading Role of Natural 
Selection to the Leading Role of Labour. Uspekhi sooremennoi biologii. 
1941, vol. 14, No. 2 (in Russian).

2) Serebrovsky, A.S. Some Problems of Organic Evolution. Moscow, 
Nauka Publishers, 1973 (in Russian).
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An apomixis, or apomictic reproduction is of a special 
interest. According to an outstanding Soviet geneticist 
S.S. Khokhlov, the apomixis in angiospermous plants 
has been established for species of over 300 genera 
to 80 families. It is most widespread among the species of 
belonging to such progressive groups as cereals (56 genera)and 
composite family (28 genera). The apomicta are widespread, 
and some of them, for example the meadow-grass 
(Poa pratensis), Canadian flea-bane and dandelion have 
greatly expanded their areas in the past 200-300 years, 
migrating to other continents. Such species as meadow- 
grass occur in all climatic zones ranging from Arctic re
gions to Antarctica. The number of individuals in the apomic
tic species is very high. Graphic examples are representa
tives of the species of meadow-grass, sorrel, hawkweed, 
dandelion, cinquefoil, lady’s mantle, buttercup.

The study of variation of apomictic species revealed an 
enormous intraspecific polymorphism. “The greatest by the 
number of species and the most polymorphic genera of the 
angiospermous plants are apomictic,” S.S. Khokhlov 
writesx).

Some scientists view the transition to apomixis as a re
gressive phenomenon, leading the evolution into a blind 
alley. Facts contradict this view. S.S. Khokhlov and A.S. 
Serebrovsky consider the apomixis as a progressive pheno
menon. The rupture of the ties with pollinators resulted 
in the apomicts ceasing to depend for their fruiting on the 
weather conditions during flowering, which are often unfa
vourable for transfer of the pollen. The seed productivity 
of apomicts is higher as compared with the cognate species 
proliferating by cross pollination with the aid of insects.

Cross pollination gives the species two advantages, as 
compared with self-pollinators and the species reproducing 
vegetatively. First, the cross-pollinating plants have a 
larger variation range, since hereditary changes appearing 
in one sexual mate are combined with those of the other. 
Second, the offspring due to cross pollination is usually

Khokhlov, S.S. Apomixis and Selection. Moscow, Nauka Pub
lishers, 1970, p. 9 (in Russian).
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more viable than that of self-pollinators. Darwin attached 
particular importance to this fact.

However, both the advantages can be achieved in other 
ways. It is these other ways that seem already to be observed 
in apomicts. In contrast to cross-pollinators they show 
a wide range of mutations in the very first generation after 
subjection to radiation or chemical actions. S.S. Khok
hlov believes this to be tied with peculiarity of the struc
ture of the nucleus—notably absence of paired chromosomes. 
While in organisms with the normal diploid chromo
some complex the normal gene in the homological chromo
some to some extent prevents the manifestation of a muta
tion of a gene that may occur in the opposite chromosome, 
this obstacle is absent in apomicts. Moreover, the number 
of chromosomes in apomicts is less stable than in the rela
ted normally pollinating species. This certainly also furt
hers variation.

The second advantage of the cross-pollinators—the high 
viability of seeds resulting from cross-fertilization—appa
rently can also be achieved by other means. S.S. Khokhlov 
writes that one observes “considerable as compared with 
sexual forms increase in apomicts of the energy level of the 
seed buds due to a range of structural and physiological 
improvements which greatly intensify the metabolic 
processes in the seed bud and in the developing seeds”. 1}

The wide scale of proliferation of apomixis, its indepen
dent origination in different taxons and in different forms 
shows that this innovation is due not to some local proces
ses of an intraspecific kind. The transition to apomixis 
marks a new stage in the biosphere evolution characterised 
by a larger autonomy in the development of the species of 
flowering plants.

Having emerged as a product of interaction with insects 
the flowering plants have achieved high perfection. In some 
cases the interdependence of the plant and the pollinator 
turned into absolute dependence which greatly restricted the 
ways of further development. The rupture of this tie, which 
became possible only after the plants had achieved a cer-

Khokhlov, S.S. Apomixis and Selection. Moscow, Nauka Pub
lishers, 1970, p. 9 (in Russian).
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tain developmental level in the environment of a well re
gulated biosphere, opened new vistas of evolution before 
them.

Figuratively speaking, for the long period of joint evolu
tion with pollinators the flowering plants have “learned” 
much from them and now are capable of thriving without 
their teachers.

However, the flowering plants will have to pay for the 
opportunity of continuing independent evolution. Indeed, 
their colourful corolla has now become useless, so if with 
the aid of natural selection no new employment will be 
found for the bright colours, these are doomed to disappear 
sooner or later. This disappearance has already begun in 
some species. V.L. Komarov exemplifies the species of 
lady’s mantle genus, (Alchemilla) which has small, green, 
underdeveloped flowers.

It is up to man now to help conserve the bright colours. 
In that case their “use for plants” will be determined by 
man’s aesthetic taste.

The evolution of flowering plants towards breaking their 
ties with insects is naturally bound to cause a change in 
the evolution of the latter. Insects feeding on pollen and 
nectar will have to change their food object. In other words, 
the emerging new trend in evolution of flowering plants 
caused by some shifts in the biosphere hides in itself a germ 
of new revolutionary transformations in Earth’s biotic 
circulation.

As has been said above, the direction of evolutionary 
transformations of a species is determined by its place in 
the biotic circulation. It is this which determines whether 
the species will develop progressively or for a lengthy time 
will remain in an invariable state, or, lastly, will vanish 
from the biosphere altogether.

A.N. Severtsov considers two highly curious examples. 
The first of these is the evolution of the species under the 
influence of a newly emerged predatory animal. Depending 
on the correlation of forces and abilities of the predator 
and the prey, the evolution of the prey may take various 
directions. If the predator is overwhelmingly active, the prey 
has to evolve towards passive protection so as to survive: 
it must develop protective colouring, or bad smell or taste,
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or migrate underground, form a cover of needles, etc. In 
other cases, when there is but a slight difference in the po
tentialities of activities of the predator and the prey, so 
that the more sensitive, keen-eyed and quick individuals 
of the prey species can escape from the predator by active 
protection, the changeover for passive adaptation is no lon
ger the sole possible way. “Among the prey species the 
strongest, nimblest and quickest running individuals 
will survive, and produce a new race of descendants, 
who will have already no need to migrate underground 
but will evolve in a progressive direction on the Earth 
surface.”

A.N. Severtsov ends the discussion of this example by 
a highly important conclusion: “The direction of the evolu
tion was determined, first, by the structure and functions 
of the organs of animals, subject to the influence of the chan
ging conditions, second, by changes in the external envi
ronment, and, third, by the relationship between the cha
racter and intensity of the change of environment and the 
structure of the evolving animal.”* 2)

The other example discussed by A.N. Severtsov is the 
phylogenetic transformation of the eyes, depending on a 
changing intensity of illumination. When illumination 
changes considerably, the eye developes progressively: 
its size grows, the retina sensitivity is increased and the 
pupil becomes larger. It is along this path that the eyes 
of night birds (owls, eagle-owls and brown-owls) evolved 
as well as those of night mammals and many deep-sea fish. 
When there occurred a change for complete darkness, the 
eye grew of a smaller size or even vanished altogether (mo
les and mole rats among mammals, cave-dwelling animals 
and deep-sea fish living in complete darkness). Therefore, 
“transition into a medium with feeble or by far feebler 
illumination leads to progressive evolution of the eye; 
transition into completely dark medium leads to atrophy 
of the eyes”3).

Severtsov, A.N. The Main Trends of the Evolutionary Process, 
Moscow, Biomedgiz Publishers, 1934, p. 140 (in Russian).

2) Ibid., p. 142.
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Hence, the direction taken by a species’s evolution is 
determined not merely by its place in the biotic circulation 
but by the degree and velocity of change of this place. With 
slow and not too strong changes progressive evolution of 
the species is possible. In case of quick and radical changes, 
only such species survive which are capable of narrowing 
their ties with the environment, that is, which take the 
path of passive defense. In case of changes that exceed the 
possibility of variation the species dies out. In other words, 
“‘...the direction of changes depends on the relationship 
between intensity and rate of the change of the environment 
and organization and functions of the animal that has to 
change”. 1J

Therefore, for formbuilding to succeed, the following 
conditions are to be fulfilled:

1. Relatively slow change of the abiotic environment.
2. Favourable conditions of nutrition providing for suf

ficiently high number of individuals of the species.
3. Hereditary variation enabling to keep pace with the 

biosphere transformation.
4. Absence of predators of an overwhelming power.
5. Presence of predators annihilating the less viable in

dividuals.
6. Variety of ties with organisms of other species enabling 

to adapt to the changing environment while ousting the 
less adapted out of it.

7. Ability of changing the ties with the environment upon 
achieving a certain developmental level.

8. Availability in the environment of a reserve potential 
of substance, energy, and information.

Life and the Second Principle of Thermodynamics

In keeping with the second principle of thermodynamics 
there is a tendency observed in isolated system for devalua
tion of the energy, which is expressed in growth of entropy. 
No obvious growth of entropy is observed in organisms, on 
the contrary, it rather decreases. This peculiarity of li-

*> Severtsov, A.N. The Main Trends of Evolutionary Process, 
Biomedgiz Publishers, 1934, p. 144 (in Russian).
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ving beings has been pointed out by physicists and biolo
gists since the end of the last century. Many of them belie
ved that the vital activity of organisms was in evident cont
radiction to the growth of entropy. At present it has become 
apparent that no contradiction takes place in reality. Or
ganisms are no isolated systems. As A.I. Oparin states, 
“it is a characteristic feature of organisms that they are 
engaged in a continual interaction with the surrounding 
external medium in view of which they should be regarded 
as flow or open systems. The stationary (but not static) 
state that is proper of them is maintained constant not 
because they have approached ‘maximum entropy’ or that 
their free energy is at minimum (as is the case with ther
modynamic equilibrium) but because open systems cons
tantly receive free energy from external environment in 
an amount which compensates for its decrease in the sys
tem” ^r-E. Schrodinger, in discussing the influx of negative 
entropy remarks: “...the device by which an organism main
tains itself stationary at a fairly high level of orderliness 
(=fairly low level of entropy) really consists in continually 
sucking orderliness from its environment.”* 2* Some authors 
objected to Schrodinger in maintaining that organism has no 
need to extract orderliness from external medium as it obtains 
from it only free energy and simple but slightly ordered 
substances. The internal orderliness of the genotype was 
alleged to be quite sufficient for it to manage without de
riving any additional orderliness from the environment. 
The groundlessness of these objections has been shown in 
Chapter 4.

The well-known English statistical biologist, one of the 
fathers of the genetic theory of natural selection R. Fisher 
derived in 1930 the main theorem of natural selection. He 
pointed to the curious resemblance of this theorem with 
the statement of the second principle of thermodynamics. 
The sole difference was that the place of entropy in Fisher’s

Oparin, A.I. Life, Its Nature, Origin and Development. Moscow, 
The Publishing House of the Academy of Sciences of the USSR, 1960, 
p. 17 (in Russian).

2) Schdrddinger, E. What Is Life? The Physical Aspects of the Living 
Cell. Cambridge University Press, 1944, p. 75.
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theorem is occupied by degree of conformity to the envi
ronment, or degree of adaptation to the environment.

According to Fisher’s theorem, living organisms in the 
course of their evolution are gaining a greater faculty for 
using life resources which inevitably results in a growth 
of organization in the organic world. According to 1.1. 
Schmalhausen this occurs in the following manner: “The 
more active individuals who make a better use of resources 
of the environment for growth, life and reproduction oust 
in the course of succession of generations the less active 
individuals. The more stable individuals, that is, those 
better capable of resisting various harmful effects, also 
oust by way of prevalent reproduction the less stable indi
viduals. In both cases the more orderly forms of organiza
tion with a lower level of entropy supplant the less orderly 
forms of organization with a higher level of entropy.” 1} 
In a word, in the course of natural selection the information
al content of the organic world is increased and the degree 
of its organization grows. Adaptation is a biological form 
of organization. What is stated in Fisher’s theorem is the 
growth of organization of the living system as the result 
of natural selection.

According to the second principle of thermodynamics, 
only processes leading to devaluating of energy, loss of 
structure and disorganization occur spontaneously. In the 
organic world disorganization and decay are also observed.

As a result of reproduction for a majority of organisms 
a couple of parents produces an immense quantity of germs, 
numbered by millions among some fish and mollusks. Of 
this immense amount only two lives are to survive in sta
tionary conditions. The rest perish falling prey to numerous 
enemies. Thus, survival of the species is achieved at the 
expense of the death of an overwhelming majority of its 
representatives. The survival rate is measured by fractions 
of percent. This is an obvious expression of the growth of 
entropy.

To counteract entropy, the organism has to “suck order
liness from its environment”. The beast of prey must kill

Schmalhausen, I. I. Cybernetic Problems of Biology. Novosibirsk, 
Nauka Publishers, 1968, p. 139 (in Russian).
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herbivorous animals. For an increment of one kilogram of 
biomass of a predatory animal it is necessary to extract 
“orderliness” from approximately 10 kilograms of herbivo
res. Hence, the predator as “self-organizing system” lives 
at the expense of disorganization of herbivorous animals, 
causing this disorganization on a scale which leaves far 
behind that of his own self-organization. Mathematicians 
and physicists concerned with thermodynamics, or merely 
the informational aspect of the problem, usually stop short 
at that. The biologist, however, is interested in the con
sequences of “disorganizing activity of the beast of prey”. It 
appears that the predator is not only a “disorganized’ but 
a selection factor, that is, a factor responsible for progress.

Indeed, the evolution of the herbivores, which obviously 
leads to morphophysiological progress, is a result of “disor
ganizing” activity of the carnivore. Thus, “sucking of order
liness” from living organisms, their disorganization turns 
out to be simultaneously an organizing factor. Hence, the 
importance of mutual relations between organisms in life 
and in evolution of species, and it is no accident that they 
were described by Darwin as “the most important of all 
relations”.

Since each species of organisms is but a single link in 
the evolutionary process, none of them can be either abso
lute “organizer” or absolute “disorganized’. They all func
tion both as factors for “extraction of orderliness” and hence 
also as disorganizers and agents of selection, that is, as 
factors for improvement of the mechanisms of life through 
ecological exchange of hereditary information. The evol
ving macrosystem evidently also is not a factor of disorga
nization of external environment, as would inevitably 
follow from a one-sided understanding of the applicability 
of the second principle of thermodynamics to life pheno
mena.

In the course of macroevolution the inorganic environment 
changes, but this change can by no means be described as 
disorganization. One may sooner speak of the transforming 
and reorganizing role of life in relation to the surrounding 
inorganic nature.

Again it seems to contradict the second principle of ther
modynamics—the life “sucks orderliness from its environ-
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ment” but the latter is not destroyed, nor does it become less 
orderly.

This contradiction apparently results from confusion of 
the informational and energetic aspects of entropy. Extrac
tion of energy and substance inevitably exhausts the source 
of substance and of energy. Extraction of information, on 
the contrary, does not impoverish its source. The reading 
of a book (extracting information from it) does not turn 
it into an empty album. Since in life’s evolution the deci
sive role belongs to accumulation of information rather 
than to the energy aspect or the material aspect, life, accor
dingly, must not be a disorganizing factor. This is what 
happens in reality, especially, taking into account that 
the supplier of energy is solar radiation, that is a practi
cally inexhaustible source.

The organizing role of disorganization is constantly ob
served in organic world. N.K. Koltsov, in considering prog
ress in evolution, draws attention to the wide occurrence 
of regressive phenomena. He, however, writes that “the 
tremendous importance of regressive processes in the evo
lution of the animal kingdom must not surprise us, since 
this phenomenon flows from applying the second law of 
thermodynamics, that is, from the general tendency of the 
historical process towards transition from the complex to 
the simple” 1*. Despite the tendency for regression and simp
lification, the complexity and differentiation of organisms 
in phylogenesis increases continually. “This is a consequence 
of statistical regularities, the accumulation, with the course 
of time, of highly rare and unlikely combinations in which 
involved differentiation of the genotype is concomitant 
with its stability and sufficient adaptation of the pheno
type to the external environment.” * 2*

Regress and degeneration as phenomena of macroevolu
tion proper of some species can indeed be treated only as 
an expression of “general tendency of the historical process 
towards transition from the complex to the simple”. How-

*> Koltsov, N.K. The Problem of Progressive Evolution. In: 
Organization of a Cell. Moscow-Leningrad, Biomedgiz Publishers, 
1963, p. 535 (in Russian).

2> Ibid., 539.
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ever, if viewed in the framework of biosphere’s evolution, 
they acquire a different meaning. By increasing the hetero
geneity of living matter, its unevenness, regress and dege
neration work as factors making the entire living macrosys
tem more complex. By increasing the variety of the biotic 
medium, they bring about preconditions to morphophysio
logical progress of other species.

Many frequently appearing mutations of individual ge
nes sharply cut down the viability of the organism. These 
mutations often are obviously disturbances of the genic 
structure and may be regarded as destructive and decrea
sing the organism’s adaptation to environment. As was 
first shown by Fisher, natural selection strives to reduce 
the destructive effect of such mutations by raising their 
recessivity, that is weakening their manifestation in the 
heterozygote. This is achieved through formation of various 
compensatory mechanisms raising the stability of the norm. 
According to 1.1. Schmalhausen and R.L. Berg, the inc
rease stability of norm is associated with the creation of 
correlative ties in the development of organs and with a 
growth of stability of developmental process. In this case 
as well, the destruction of genes—an obvious manifestation 
of the tendency for decay and simplification—leads to for
mation of features which are evidently progressive.

The structure of multicellular organisms and also, ap
parently, death of individuals and extinction of some spe
cies, are also regarded by many scientists as an expression 
of the growth of entropy.

Thus, in the organic world too, in its individual processes 
and phenomena, an evident tendency for simplification, 
degeneration and decay is observed. However, these deve
lopments often wrork as a means to raising organization. 
In the general flow of life they seem to have this function 
always. It is appropriate to recall the words spoken by 
Goethe about Nature: “Life is her best invention; death 
is for her a means to greater life.” x)

In the past evolution, organisms acquired numerous 
devices to counteract the destructive effect of external ac-

G o e th e ,  J . W .  Goethe's Botany. The Metamorphosis of Plants 
(1 7 9 0 ) a n d  fabler's Ode to Nature (1 8 7 2 ). W a l th a m ,  M a ss , 1 9 4 6 .
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tions. In the general form these devices may be described 
as the ability of self-regulation.

According to I.P. Pavlov1*, organism is to a greatest 
extent a self-regulating system, which supports, restores, 
orients and even perfects itself. 1.1. Schmalhausen consi
ders the organism as a complex system capable of auto
regulation.

The ability of self-regulation of functions is particularly 
conspicuous in higher organisms. Experimenting on dogs 
in 1935 P.K. Anokhin connected the nerves leading from 
the respiratory organs with the tactile centre in the brain 
and the tactile nerves with the respiratory centre. Such 
an animal responded to a stimulation of the leg by cough
ing; and when breathing its paw rose simultaneously with 
its chest. However, after a lapse of time the nervous centres 
“learned anew” and began to fulfil the functions required 
for normal life.

Putting on special spectacles, one will see the world 
turned topsy-turvy. At first, one is at a loss, but after some 
days everything gets in order and one feels ho inconveni
ence. If the person now takes off the spectacles, the world 
becomes upturned again. It appears, however, that eyesight 
alone is insufficient for such “retraining” of the brain cent
res. The person must walk about and move his hands. If he 
rolls about on a wheelchair no “retraining” occurs.

E.Sh. Airapetyants and his pupils, experimenting on 
dogs, monkeys, hens and other animals blocked the flow 
of information from various sense organs, or, as physiolo
gists call them, analysers. As the result of such operations 
the sense organs that were left intact worked as analysers 
of information coming from outside to replace the functions 
of the lost senses. Particularly great was the substitutive 
role of the motor analyser which transferred information 
on motor acts. Airapetyants regards this manifestation of 
the faculty for mutual substitution of analysers as “a phy
siological factor of the adaptive process in the evolution”.

The diversity of behavioural patterns and, hence, the 
ability of self-regulation depend on the abundance of in-

Pavlov, I.P. An Answer of Physiologist to Psychologists. 
Collected works, vol. 1. Moscow-Leningrad, The Publishing House of 
the Academy of Sciences of the USSR, 1940.
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ternal ties: “...the fewer the joins, the fewer are the modes 
of behaviour available to the system” 1}. “The most essen
tial factor in organization of an integral system, whatever 
the category to which this system belongs (machines, 
organisms, society) is circulation of information inside it. 
It is only owing to the continual information exchange 
between the individual parts of the system that their 
organized interaction can take place and lead to a useful 
effect.” 2)

The ability of self-regulation provides for adaptive res
ponse also to such external influences that apparently have 
never occurred in life, not only of the individual but of the 
species as well. Of course wild bears had never had an oppor
tunity for riding a bicycle. They can be trained to do it, 
however. The respiratory centre of the brain had never taken 
part in stimulation of the motoric activity of the paw, but 
when connected with the nerves leading from the paw, it 
is soon “retrained” and begins to regulate the functions of 
motion. A rat whose limbs have been amputated could hardly 
have survived in nature but in experiments of E.A. Asra
tyan it not only survived but learned to move by rolling 
and turning over.

As is shown by the classical experiments of I.P. Pavlov 
on dogs deprived of sense organs and the studies of P.K. 
Anokhin, E.A. Asratyan, E.Sh. Airapetyants, self-regu
lation is accomplished only in cases when information from 
environment inflows to the organism. It seems that self
regulation, which is essentially an adaptive response, is 
impossible without inflow of external information. Since 
the ability of self-regulation is a property indubitably co
unteracting the growth of entropy, hence the inflow and 
processing of external information is a method of abating 
this growth. Thus, on this path again we come to the same 
conclusion as once was drawn by Schrodinger: to live is 
to suck orderliness from the environment.

Ashby, W.R. Design for a Brain (2nd ed.). London, Chapman 
& Hall, 1960, p. 223.

2> Anokhin, P. K. Physiology and Cybernetics. In: Filosofskie 
voprosy kibernetiki. Moscow, Sotsekonomizdat Publishers, 1961, p. 280 
(in Russian).
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The machine—this product of human brain and hands 
is “fed” during its operation with pure energy. Gradually 
it wears out. To restore the former capacity of the machine 
one must replace the worn-off parts by new ones, that isr 
to provide it with new orderliness instead of what it has 
lost. In contrast to the machine, an organism absorbs in
formation while assimilating substance and energy. Absorp
tion of information is a major condition of life activity. 
When capacity for absorption of information is lost the 
ability of self-regulation also disappears with all the re
sulting consequences.

The reverse conclusion is also valid: if the faculty for 
absorption of information is a means for enhancing self
regulation then organisms which absorb more information 
must possess certain advantages. Hence, natural selection 
must promote store of information, that is, growth of orga
nization’s complexity, that is actually takes place.

The outstanding Soviet specialist in physiology and 
genetics of animal behaviour L. V. Krushinsky has clearly 
demonstrated the dependence of the elementary forms of 
rational activity of animals on the complexity of brain 
structure: “The greater is the number of neurons building 
up the brain, and the more perfect the system of contact 
connections between the neurons, the higher is the proba
bility that the animal possesses a higher reasoning func
tion

Organized complexity appears to be the basis of adapta
tion and of the adaptive faculty.

X) Krushinsky, L.V. Physiological and Genetic Study of the Ele
mentary Reasoning as Function of Animals. Zhurnal vysshei nervnoi 
deyateVnosti, 1970, vol. XX, issue 2, p. 369 (in Russian).



Chapter 7

NOOGENESIS

It is our duty to preserve and mul
tiply for the generations which 
will live in the Communist society 
all riches and beauty of nature.
From the Decree of the Supreme 
Soviet of the USSR “On Measures 
for Further Improvement of Con
servation of Nature and the Rational 
Utilization of Natural Resources”

In recent years the problem of biosphere as man’s living 
environment not only has attracted the attention of scien
tists but it is a growing public concern all over the world. 
There are many reasons for this. The fast scientific and tech
nological progress—the scientific and technical revolution— 
is accompanied by the quick reconstruction of nature and 
especially of its living cover. The area occupied by woods 
has been greatly reduced, the natural associations of orga
nisms (biocoenoses) are being superseded by artificial ones, 
the animal species that were once prosperous come to be 
wiped out of existence. Industrial refuse, especially radio
active fall-out and carcinogenic hydrocarbons are polluting 
water, air and soil. Mankind is faced with the menace of 
famine, auto-intoxication, and destruction of the biologi
cal bases of heredity. “Shortage of pure fresh water, air 
pollution and erosion of soils have unfortunately become 
today a real fact.” 1*

Food

Man can live without food about five weeks, without 
water not more than five days, and without air only five 
minutes. Hence, for its normal existence mankind must 
be supplied with sufficient amount of water, food and air. 
The Belgian scientists P. Duvigneaud and M. Tanghe* 2*

1} From the report by Academician V.A. Kirillin at IVth Session 
of the Supreme Soviet of the USSR (8th Convocation). Izvestiya, 
September, 20, 1972 (in Russian).

2> Duvigneaud, P., Tanghe, M. Ecosystemes et biosphere. Bruxel
les, 1967.

15*
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computed, on the basis of FAO data, the volume of bio
sphere’s production used for food: it amounts to 6 5 0 x l0 8 t. 
The food requirements of the population of the globe (3.11 x  
X l0 9 inhabitants in 1963) is equal to 670x10* t of organic 
matter assimilable by man. In the beginning of the 1970s 
this requirement grows up to 775x10® t. Therefore, even 
assuming an equal distribution, the biosphere production 
is such that it is insufficient to provide adequate nutrition 
for all inhabitants of the Earth. Actually, the distribution 
of products is extremely uneven. As the result, almost 1500 
million people, mostly the population of South-East Asia, 
are either underfed or receives inadequate food.

The demographers draw attention to the rapid growth 
of population during the past decades. The number of peo
ple on the globe grows daily by 50 000. With this 
growth rate Earth’s population is to reach the figure of 7000 
million by 2009 A.D.

Thus, in view that biosphere’s productivity does not 
fully meet mankind’s food requirement even today, when 
almost a half of people on the Earth are doomed to half- 
starved existence, the growth of population is bound to 
broaden the gap between the factual production of the bio
sphere and the requirement for food products.

Water

Things stand no better with fresh water reserves. For 
sustaining the life of one man, an annual amount of somewhat 
less than 1 m3 of water is required. The industrial and 
agricultural needs increase this amount by more than thou
sand times. In the USA, for instance, today already 1200 m3 
are consumed per one inhabitant. The demand for fresh 
watei; is growing exorbitantly, which limits both popula
tion growth and development of technology.

The situation with water would have been more or less 
satisfactory if the industry, transport and the population 
of towns, on taking pure water from rivers, lakes, reservoirs 
and underground wells, would return it as pure as they 
have received it. The run-off volume of polluted water on
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the globe now amounts to 700 km3 a year which now is 
more than 3 per cent of the total annual run-off1].

Thus, man’s interference with the natural circulation of 
fresh water on the Earth surface is exhausting its reserves, 
and worsening its quality. On the one hand, this results 
in the death of hydrobionta, that is, in destruction of the 
biosphere, and, on the other, sets limits to the growth of 
industry and towns.

It is not only fresh water but seas and oceans that get 
polluted. About 5 million tons of oil products are annually 
thrown off into the sea.This amount is quite enough to cover 
with an oil film the entire surface of the world ocean in 
seven years2). This brings about the quite real menace 
of lowering the photosynthetic activity of microscopic sea 
algae—producers of oxygen. It should be borne in mind 
that the photosynthesis of sea algae produces about 70 per 
cent of oxygen formed by the activity of the planet’s green 
cover. It has been calculated that the petroleum pollution 
of seas even today leads to death about quarter of a mil
lion of sea birds and to destruction of the sea fauna. Algae 
become unfit for use, while edible mollusks, in particular 
oysters, often turn out to be infected with carcinogenic 
hydrocarbon—benzpyrene.

Air

Alarming processes take place also in the atmosphere. 
Every year about 6000 million tons of carbon dioxide are 
released into the air by industrial plants. If this rate is 
sustained its content in the air will be doubled within 150 
years, and the temperature of the Earth surface will con
siderably rise.

The rise of the Earth temperature, according to calcula
tions made by geologists and geographers, is to lead to grave 
consequences: the glaciers of Antarctica, Greenland and 
Arctic ice will melt. As the result of the ice melting, the 
depth of the world ocean will be increased by more than

x) Nedotko, P.A. The Problems of Reproduction, Protection, Ra
tional Utilization of Natural Resources in the World Economy. 
Priroda i obshchestvo. Moscow, Nauka Publishers, 1968 (in Russian).

2) Furon, R. Le probleme de Veau dans le monde. Paris, 1963.
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60 metres. The land surface will be reduced by 10 per cent. 
The lowlands of Western and Central Europe and the den
sely populated coastal areas of China and India will be 
submerged. Scandinavia will become an island. Fresh 
water reserves will be reduced by one third. The process 
will not stop at that, however. The disappearance of the 
mighty glaciers of the Antarctica will lead to a redistribu
tion of the masses of the globe which will inevitably change 
the inclination of Earth’s axis and affect the velocity of 
Earth’s rotation. Geologists predict a great increase of the 
mountain-building processes inevitably connected with 
earthquakes and volcanic eruptions.

It is not only carbon dioxide that is released into Earth’s 
atmosphere. Experts on hygiene have computed that 250 
millions of cars on the planet throw out into the air about 
0.5 million tons of carbon monoxide everyday, 100 000 
tons of hydrocarbons, and 26 000 tons of nitric oxide. Along
side such relatively harmless substances as carbon dioxide, 
the “bouquette” of poisonous compounds includes carcino
genic benzpyrene and radioactive particles. The population 
of some large cities inhales air, to some extent, polluted by 
carcinogenic substances for 24 hours1).

Concentration of dust in the air of large towns in capita
list countries exceeds the admissible quota by 5-10 times, 
concentration of nitric oxide exeeds the admissible norm by 
1.5-2, that of sulphurous gas by 4-8 and carbonic oxide 
by 20-30 times. Admixed to the air there occur hydrogen 
sulphide, benzol, carbon bisulphide, chlorine, phenol, 
fluorine compounds and many other substances2). Machines 
which consume oxygen act as direct competitors of living 
organisms. It has been computed, for instance, that a car 
running nearly 100 kilometres consumes the annual oxygen 
norm of one man. Every ton of combusted coal consumes 
an annual store of air for 10 men. It is no surprise that with 
this intensity of consumption a shortage of oxygen is created

Dikun, P.P. Carcinogenic Agents in Human Living Environ
ment. In: Vvedenie v geogigienu. Moscow-Leningrad, Nauka Publi
shers, 1966 (in Russian).

2) Davitaya, F.F. Pollution of Earth’s Atmosphere and Problem 
of Free Oxygen. Vestnik Akad. Nauk SSSR , 1971, No. 7 (in Russian).
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in areas of industrial concentration which is compensa
ted only with influx from other places. According to calcu
lations of V.I. Vulfson, as soon as by 2000 A. D. the oxygen 
spent on industrial purposes will amount to 95 per cent 
of the annual output produced by photosynthesis of land 
plants: “...man works as a powerful geochemical factor 
influencing the oxygen balance in earth's crust and making 
the atmosphere poorer in oxygen” 1*.

Minerals

The development of industry has boosted the extraction 
of minerals. Apart from food, water and air, society needs 
oil, coal, gas and non-metallic minerals. Mankind lifts 
annually to the earth surface about 4 km* 2 3 of ore2). With 
the present-day growth-rate of mineral extraction, which 
exceeds 3 per cent a year, a progressing alienation of land 
from biosphere takes place when the upper layer of the earth 
crust is turned into a porous texture while salts of arsenic, 
beryllium, mercury, cobalt, lead, cadmium, uranium and 
other elements previously concealed under ground, get 
scattered in the atmosphere on a growing scale. The increa
sing output of combustible minerals inevitably leads to 
exhausting of their reserves. As Academician N.N. Seme
nov has calculated, the resources of mineral fuel will be 
exhausted within 80-140 years3). This poses the task of 
searching new, more efficient ways for mankind’s power 
supply.

It may seem that utilization of thermonuclear reactions 
could offer a way out. However, these reactions involve 
colossal discharge of heat which, as has been said, is bound 
to lead to overheating of the planet, with all the dangerous 
implications.

u Vulfson, V.I. Fuel and the Problem of the Free Oxygen Resour
ces. Mir Nauki. 1969, No. 5, p. 26 (in Russian).

2> Vysotsky, B.P. On the Basic Problems of Geology of the So
ciosphere. In: Priroda i obshchestuo. Moscow, Nauka Publishers, 1968 
(in Russian).

3> Semenov, N.N. On the Power of the Future. Nauka i zhizn, 
1972, No. 10 (in Russian).
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Plants and Animals

The growth of industry, transport and agriculture is 
accompanied by an offensive waged against the living in
habitants of the globe. It is, perhaps, most conspicuous 
in the drive at forest—these multicomponent biological 
systems marked for their exceptionally high faculty of re
gulation.

First of all, deforestation has a damaging effect on the 
water regime of the globe. Rivers grow shallow and filthed. 
This, in turn, results in destruction of spawning grounds 
and reduction of the number of fish. Reserves of ground 
water decrease and the soil “dries out”. Thaw-water and 
rainfall streams wash away the upper layer of the soil. The 
winds no longer barred by the forest, completes the “dirty 
work” started by water. The upshot is the dangerous disease 
of soil—erosion.

Fallen wood, branches, bark and litter accumulate mineral 
elements for nutrition of plants. Deforestation leads to 
these elements being washed out of the soil whose fertility 
thus declines. The felling of woods spells death to wood
dwelling birds, animals and entoinophage insects. As the 
result, agricultural pests proliferate unimpeded and devour 
a considerable part of the crops (according to world statis
tics, not less than one fifth).

Forests clean the air of poisonous pollution, in particu
lar, it holds up the radioactive fall-out, preventing its 
further dissemination. The felling of woods, thus, destroyes 
a major component of the self-cleaning of the air. Finally, 
destruction of woods on mountain slopes is an important 
factor of the gullying and the mud flows.

The onrush on natural biocoenoses involves extermination 
of wild animals. This extermination, started a few centu
ries ago, was sharply stepped up in the time of colonial 
conquest of new lands. On the islands of the Pacific ocean 
a third of insects’ species vanished; the huge herd of bisons 
in North America have been destroyed almost completely; 
a most numerous and evidently prosperous bird species 
in North America—the American passenger pigeon—has 
been exterminated completely. The process of disappea
rance of wild animals has been gaining speed. According
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to most conservative counts, every year one species is wiped 
out of existence on average. If the appropriate measures 
are not taken in the near future, whales, Australian mar
supials, including various kangaroo species, crocodiles, 
rhinoceros, hippopotami, large beasts of prey and other 
inhabitants of virgin nature will vanish.

Some animal species vanish not only because they are 
directly exterminated by man. A continual struggle for 
territory, water, food, etc. is going on between natural 
and artificial biocoenoses. But human labour proves to be 
so powerful a factor, that artificial biocoenoses, which are 
less stable biological systems, are gradually ousting the 
natural ones. The macrostructure of life is changed: new 
breeds of animals and plants are created; many species 
conquer regions that are new for them. For example, Ame
rican potato and maize has become widespread in the Old 
World; Egyptian cotton is grown in Central Asia. Such 
examples could be cited by the hundred.

The development of sea and later air transportation led 
to creation of “bridges” between the biogeographical regions. 
Organisms of vast continents that had appeared in an 
environment of hard struggle for existence came to oust 
the aborigens of smaller continents and ocean islands inca
pable of resisting their pressure. The natural geographical 
differentiation of biotic circulation has narrowed down 
and is being reduced further.

Man

Successes scored by medicine and the general raising of 
the level of sanitary culture had done away with many 
deseases and reduced infantile mortality. The population 
growth was abruptly increased inspiring many with appre
hensions over mankind’s destiny. It is not only the fast po
pulation growth that gives rise to anxiety but certain qua
litative indicators. Many authors have noted in the past 
decade a considerable growth of the percentage of abnorma
lities and deformities in newborn babies1*. The mortality 2

2) Sokolov, N.P. Hereditary Diseases of a Man. Moscow, Meditsina 
Publishers, 1968 (in Russian).
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due to congenital malformation in 1937 in the USA was 
12 413 cases, while in 1953 it soared up to 20 012. In France 
against the background of the overall decline of infantile 
mortality, the mortality due to congenital defects grew 
from 2.9 per cent in 1947 to 3.6 per cent in 1958. In the age 
groups from 1 to 14 years mortality due to congenital de
fects in 1947 amounted to 1.5 per cent of the total number 
of the deads, while in 1958 it was 5.7 per cent. A similar 
tendency is observed in other countries. The percentage 
of abnormalities is particularly great as far as defects in 
evolution of central nervous system are concerned, which 
amounts to 30 per cent of the total number of deformities.

A major factor for the growth of abnormalities is believed 
to be the raising background of ionizing radiation due to 
nuclear explosions and pollution of water and air with the 
atomic industry’s waste. The disease rate of leukemia grew 
among the population of Hiroshima and Nagasaki who were 
exposed to ionizing radiation after the explosions of atomic 
bombs. The children of the parents who had been exposed 
to radiation developed most diverse and numerous defor
mities and abnormalities including defects of heart and 
large blood vessels and retardation of growth.

The growing pollution of air and water with carcinogenic 
hydrocarbons leads to a growth of cancer morbidity rate, 
especially lung cancer. While between 1911 and 1919 the 
annual number of patients dying of lung cancer in Wales 
(Britain) was 250, this figure rose up to 14 218 in 1952 n.

The scientific and technological progress relieves men 
from various forms of bodily exercise. Inhabitants of in
dustrialized countries have no need to procure fuel, to carry 
water, to walk over long distances to and from the work 
and to climb up the stairs... . Thus, as the result, the organs 
adapted to functioning in conditions of strenuous bodily 
exercise begin to develop failures. Cardiovascular diseases 
are propagating. While a hundred years ago the coronary 
disease of the heart was a medical curiosity, at present it 
is the cause of over 50 per cent of all deads in the industri
ally developed countries. The frequency of myocardial

1J Barnett, A. The Human Species. A Biology of Man. Harmonds- 
worth, Penguin Books, 1957.
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infarctions in Britain and Norway increased threefold in 
the past few years, and in Scotland, fourfold 1).

The change of the living conditions in industrially deve
loped countries, especially in big cities, has produced a 
range of shifts in man’s growth. The body-size is increas
ing, pubescence is stepped up (the so-called acceleration), 
the ageing is slow down, etc. The causes of these shifts 
are as yet insufficiently clear.

We see that, for all the obvious positive results of the 
sociotechnological progress, it has its shady sides.

Where Is the Way out?

The legitimate question arises as to what is to be done 
to avoid the harmful consequences that are brought in relief 
so clearly by an unprejudiced analysis of the present rela
tions of man and biosphere. V.I. Vernadsky wrote: “In the 
geological history of the biosphere magnificent prospects 
are opened up before man if he understands this and ceases 
to employ his reason and his labour for self-destruction.”2) 
The task, consequently, is to some extent to forsee the fu
ture so as even now to develop a strategy of struggle for 
its realization.

Obviously, first of all, the question should be answered: 
what should our aims be? Many people answer this question 
more or less identically: they opt for existence till an inde
finite time and for progressive development of human soci
ety. Scientists are putting forward various proposals regard
ing the means by which this aim may be achieved. Terri
fied by the facts of destruction of nature by man’s activity 
some preach the need of breaking the march of technological 
progress or even of relapsing into primitive state of commu
nion with nature. Others, on the contrary, appeal for a 
complete replacement of the basis of human existence—the 
biosphere—by a kind of technosphere or a system of devices 
providing man with food, water, oxygen and other necessa-

R KovSitsky, G.I. Civilization and Heart. Moscow, Nauka Pub
lishers, 1971 (in Russian).

2) Vernadsky, V.I. The Chemical Structure of Earth's Biosphere 
and Its Environment. Moscow, Nauka Publishers, 1965, p. 327 (in 
Russian).
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ry means of subsistence. Finally, there are scholars who 
see a way out in migrating to new unpopulated planets.

All these views are aloof from reality. The progress in 
science and technology which is determined by the objec
tive law-governed regularities of society is unavoidable. 
At the same time, easy to prove is the weakness of the op
posite view—the complete replacement of the biosphere 
by a technosphere. This replacement is obviously in princi
ple impossible. One cannot eliminate the biosphere without 
sterilizing the entire of the globe. Migration to other planets 
can hardly be regarded as a way out either. How can one 
believe that people who prove incapable of existing on their 
own planet will really adapt to life on another one!

It seems that one should better not oppose human society 
to living nature. With this approach a premise to mankind’s 
prosperity would be its becoming aware of itself not as just 
a subject but as object of living nature. We do not dominate 
over nature, “on the contrary, with flesh, blood and brain, 
belong to nature, and exist in its midst”, F. Engels wrote1*. 
Whatever the heights to which man soars with his thought, 
he cannot escape from his biological essence. This means 
that unrestrained sociotechnological progress is possible 
only if it evolves as a part of the overall progress of life 
on the Earth.

The following three conclusions are obvious:
1. Human society is a part of the biosphere.
2. Human technology is not anything alien to the bio

sphere but a qualitatively new stage in the latter’s develop
ment that has emerged in the course of the growth of labour 
activity.

3. Human society, being a part of the biosphere, should 
to some extent obey its laws.

At the same time human society is surely not identical 
to the biosphere; special social laws are dominant in it, 
which are not observed in other parts of the biosphere. 
It is clear, however, that these laws can be valid so long 
as they do not clash with the laws of the biosphere. Other
wise, the biosphere is capable of “imposing a veto” on the

Engels, F. Dialectics of Nature. 3d rev. ed. Moscow, Progress 
Publishers, 1964, p. 183.
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human activity or, as Engels phrased it, it begins “to take 
vengeance” on men for unwisely treating it. The higher 
laws of social evolution do not and cannot abolish the laws 
prevailing at lower stages but are mere superstructure over 
them. This is the summit of the cone of differentiation of 
matter which exists as such only in its totality with all 
its stages.

Once upon a time the Mesozoic reptiles were indubitably 
the summit of the evolution. Where are they now? Bio
sphere has cancelled them from the list of beings “worthy 
of its attention”. Of course, the example of reptiles is but 
an analogy. This analogy has a profound sense, however: 
if we fail to comprehend our place in the biosphere, we 
must prepare for a destiny resembling that of the giant 
reptiles and other organic forms which proved to be in an 
insurmountable conflict with the laws of the biosphere evo
lution.

For ages man, as other living beings, took from the bio
sphere resources for his existence and gave it back what 
others could use. The universal capacity of microorganisms 
for destroying the organic matter ensured that the results 
of men’s economic activity were included in the biotic 
circulation. The situation has latterly changed. While con
tinuing to take from nature raw materials, industry is en
tering into it substances that cannot be utilized by the li
ving population of the planet, and quite often are very poi
sonous. The biotic circulation ceases to be closed. Not only 
individual animal and plant species are destroyed, not only 
the composition of their natural complexes—biogeocoeno- 
ses—is disturbed, but the structure of the biosphere, its 
cyclic organization and the capacity for self-purification 
is being interfered with.

The history of evolution of the organic world witnesses 
that the living population of the planet had already expe
rienced this kind of revolutionary changes in its past. As has 
been said above, the release of free oxygen as a result of 
photosynthesis had assuredly resulted in a tremendous 
perturbation of the very foundations of the biosphere. This 
spelt the death to some organisms while the others used va
riation and natural selection to adapt to the new conditions 
and even to derive advantage from them. To turn to ad van-
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tage the most complex situation that is taking shape before 
our eyes, selection and variation suffice no longer and cons
cious and reasonable interference into the course of this 
process is required. The essential potentiality of such in
terference was pointed out by Karl Marx. Speaking about 
the exchange of matter between the citizens of free socia
list state and nature, he wrote that they are “...rationally 
regulating their interchange with nature, bringing it 
under their common control, instead of being ruled 
by it as by the blind forces of nature, and achieving 
this with the least expenditure of energy and under condi
tions most favourable to, and worthy of, their human natu
re” 1}. But this is precisely controlling the biosphere evolu
tion, regulating it from inside. It is clear from the state
ments by Karl Marx and Frederick Engels, that such con
trol lies in the main line of social progress, progress in 
science and technology.

During the evolution of life on the Earth, two major 
processes are manifested: (1) strengthening of the influence 
exercised by the living matter on inanimate nature due 
to appearance of new forms and development of new adap
tations and (2) inclusion of each new accomplishment of 
life into the biotic circulation with the aid of destructor 
organisms. It is interaction of these processes that enabled 
the progressive development of life on our planet to unfold 
for several 109 years.

If our aim is to ensure progressive development of human 
society not limited by any time-term, we must, obviously, 
take into consideration the same processes in our relations 
with the living nature. As their human equivalent, one 
should call the creative search of new possibilities, wide plan
ning of innovations and constant repair of damage of the 
biosphere caused by human activity. In particular, man 
has the duty of improving industrial technology so as to 
ensure that poisonous substances not utilized by organisms 
be no longer released into the biosphere, and he must learn 
to destroy the harmful industrial waste discharged into 
the biosphere. For that purpose the detoxicating ability

Marx, K. Capital, \ ol. 3. Moscow, Progress Publishers, 1966,
p. 820.
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of the organic world should be strengthened by creation 
of complexes of detoxicator organisms. In short, in the tech
nology of production a wider use should be made of the free 
interrelated organizational principles that have been “wor
ked out” by the living population of the Earth throughout 
2-109 or 3-109 years. These are: cyclic organization of 
life, localization of disposal of harmful waste and economy 
of material resources. It is gratifying to note that these 
principles are on an increasing scale used as guidelines by 
the advanced technology. Besides there should be a cons
tant concern for raising the productivity of the vegetable 
cover of the planet—this reliable source of oxygen and 
high quality of organic matter, the basis of biosphere’s 
productivity. Instead of opposing itself to living nature, 
industry should try to make it its ally. Indeed, the regula
ting possibilities of nature are so great that there are no 
reasons to neglect them.

In other words, every new break-through of the intellect 
on its way to progress in science and technology should 
be included, in keeping with the thought of Karl Marx, in 
the circulation of substance and energy taking place between 
man and nature. It should not destroy the biosphere (to say 
nothing of the harmful effect upon human organism) but 
forward its development.

Man reconstructs nature and in future will do this on an 
increased scale. However, this reconstruction should be done 
wisely in keeping with the basic principles of biosphere’s 
organization and its guiding development tendencies.

An organic union of the accomplishments of scientific 
and technical revolution with the advantages of socialist 
economy of which L.I. Brezhnev spoke at the 24th Congress 
of the CPSU grants the possibility of rational forms of ex
change between nature and society.

From Biogenesis to Noogenesis

The evolution of the organic world had passed through 
several stages. The first stage was the emergence of biotic 
circulation or the biosphere; the second stage was the comp
lication of the cyclic structure of life due to the appearance 
of a superstructure of multicellular organisms. These two
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stages took place under the influence of purely biological 
factors and can be referred to as the period of biogenesis. 
The third stage was the emergence of human society. The 
activity of men, rational as far as its intentions are concer
ned, proves often to be destructive on the scale of the entire 
biosphere and limiting the possibilities of further develop
ment. However, a rational planned approach is already 
sprouting forth from under the spontaneous element and 
the biosphere is turning into a sphere of reason—the noo- 
sphere.

The notion of noosphere was first introduced into science 
by the French philosopher, a follower of Bergson E. Le 
R oy1). Le Roy applied the term noosphere to the envelope 
of the Earth which includes human society with its industry, 
language and other rational activities. Noosphere is coming 
to succeed and supplant the biosphere. This concept was 
much more elaborated further in the book “The Phenomenon 
of Man” written by an intimate friend of Le Roy, the French 
palaeontologist and archaeologist P. Teilhard de Chardin2).

Advancing the correct idea of the conscious human acti
vity as a factor transforming the biosphere, Le Roy and 
Teilhard de Chardin interpreted it in idealistic terms. Ac
cording to Teilhard de Chardin noosphere is “the thinking 
layer” which having emerged towards the end of the Terti
ary has since been developing above the world of plants 
and animals, outside and over the biosphere. This is a stoc
hastic process of crystallization of a certain intrinsic es
sence of material particles which are manifested as the result 
of their union. Both French scholars when speaking about 
the development of life on the Earth and the role of human 
mind in this process, failed to comprehend the main point— 
the complex and contradictory relations of the biosphere 
to the human society with its social conflicts and special 
social laws of development, which work as a prism refrac
ting the man’s relation to nature. Therefore, the conversion 
>f the biosphere to the sphere of reason, the noosphere, can-

X) Le Roy, E. VExigence Idealiste et le Fait de VEvolution, Paris, 
1927.

2) Teilhard de Chardin, P. The Phenomenon of Man. New York, 
Harper and Bros., 1959.
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not he a stochastic process, a crystallization of certain pre- 
inordial germs of the world reason. Man should consciously 
struggle for the noosphere.

In contrast to Le Roy and Teilhard de Chardin, Vernadsky 
developed a materialistic notion of the noosphere. B.
P. Trusov aptly noted in his interesting article that “the true 
scientific and materialistic idea of noosphere was developed 
by V.l. Vernadsky who imbued this notion with its real nat
ural-historical content__Therefore it is V .l. Vernadsky
who can he with full right credited as the father of the doc
trine of noosphere” 11. This is particularly so since this 
doctrine was originated under the direct influence of the 
biogeochemical ideas of the Russian scholar. V .l. Vernad
sky, iri contrast to the French authors, understood noo
sphere not as external in respect to biosphere but as a 
new stage in the latter’s evolution, the stage of reasonable 
regulation of relations between man and nature, that 
is precisely the relations discussed by Karl Marx. 
“In this form”, M.I. Rutkevich and S.S. Schwarz write, 
“the teaching of the noosphere... conforms in its contents to 
the spirit of dialectical materialism and essentially 
enriches it.” * 2)

We are witnessing a revolutionary transition from evo
lution governed by spontaneous biological factors (the pe
riod of biogenesis) to evolution governed by human mind, 
to the period of noogenesis. At this, fourth stage the bio
sphere is to become the noosphere and the organic evolution 
is to take the path of noogenesis.

The ripening conflict between man and nature is to be 
solved not by way of relapse to a primitive life, not by sub
stituting the biosphere with a kind of technosphere but 
by noogenesis, that is conscious control of the biosphere 
by means of improved technology. Harmful technology 
and inadequate social organization are to give place to a 
better social system and improved technology.

O Trusov, B. P. The Notion of Noosphere. In: Priroda i obshchestvo. 
Moscow, Nauka Publishers, 1908, p. 34 (in Russian).

2) Butkevich, M.I., Schwarz, S.S. Philosophical Problems of 
the Control of the Biosphere. Voprosy filosofii, 1971, No. 10, p. 59 
(in Russian).

1 6 -3 8 3
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Noogenic*

In direct connection with the social reorganization a 
real opportunity for organizing research institutions of a new 
type uniting representatives of theoretical natural scien
tific disciplines with specialists in engineering, and of agro
nomical, medical and sociological profile. Their basic task 
is to evaluate the achievements of science and technology 
not merely from the viewpoint of immediate useful effect 
but also as factors to a certain extent and in a certain di
rection affecting the interrelations of human society and 
nature. In solving this problem these research establishments 
are to choose and recommend certain scientific results, 
discoveries and inventions for introduction into national 
economy and medicine and to follow up the results of this 
introduction, organizing research for eliminating the harm
ful by-effects that may be observed. They must constitute 
the conscious human equivalent of the selecting function 
of the biosphere, which will admit for growth only such 
innovations that do not undermine its basis—-the circula- 
tioii of organic matter. The criterion for assessing an inno
vation in this case is not the sheer profit or advantage but 
compatibility with progress of life. The tactics of human 
activity must invariably take into account the biosphere 
strategy, “the wisdom of life” accumulated throughout 10ft 
years of its existence. Technology is to become even more 
ecology-oriented.

Establishments of this kind should be called institutes, 
laboratories or bureau of noogenesis and the science for 
managing the relations between human society and natu
re—noogenics. The chief goal of noogenics is to plan the 
present activity for the sake of a better future. Its chief 
task is to make good the disturbances in the relations 
between man and nature and inside man that have 
been caused by technological progress. Science is now 
becoming not only the basis for technological progress 
but a means ensuring survival and progressive evolution 
of mankind.

A number of names have been proposed for the scienti
fic discipline dealing with the interrelations of man
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and nature: nature protection, geohygiene, prognostics, 
futurology. The tasks of noogenics are. by far broader 
and more concrete than those of the said scientific ten
dencies.

The notions of “nature protection” or “conservation of 
nature” unfortunately are often understood in various'ways. 
Since the opposition of human society to nature is a com
monplace idea sometimes it is implicitly or explicitly re
cognized that mankind is in principle capable of developing 
independent of nature without influencing or changing it. 
This is a profound error—human society cannot exist or 
develop without transformation of nature and the living 
cover of the Earth. The term “conservation of nature” in 
its essence means protection of nature from man for man, 
that is to speak not protection of nature as such but consci
ous and wise control of the continually changing relations 
of human society and nature, that is the noogenesis, which 
is the subject to study of noogenics. Geohygiene and prog
nostics (futurology) are comprised in noogenics as its com
ponent parts.

Since our knowledge of life’s organization is limited we 
are unable to draw up an error-free project of ideal future 
nature once and for good (and the ideal itself is certainly 
bound to change). But we are able to analyse mistakes al
ready made and in due time to repair them. Therefore, the 
control of biosphere is, above all, a process of the continu
ous correction of disturbances in biotic circulation arising 
due to human activity.

The correction of disturbances in relations between man 
and nature is the main but not unique task of noogenics. 
Over and above the protective functions it should care for 
increase of the variety of the life forms by creation of new 
plant, animal and microorganism species in the noosphere. 
These new species will not only serve as source of food, oxy
gen and industrial raw materials but help a man to master 
inanimate kingdom still more actively and accompany him 
on his space flights. Efforts towards that aim will permit 
a deeper penetration in life’s mysteries and eventually re
sult in creation of essentially new mechanisms for effective 
processing of energy, substance and information flowing 
from the inorganic nature. Equipped with such mechanisms,

16*
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man will learn better to understand the structure of life, 
while the Earth living cover, in turn, will gain the ability 
of a peculiar “understanding” of man’s goals and aspira
tions.

In a discussion on various sciences, Aristotle wrote: 
“...the most guiding of all sciences and in a greater measure 
guiding than any subsidiary science is such as learns for 
what each thing is due to be done; and this final goal in 
each case is the good and, in general, the best in all natu
re.” These words, spoken more than two thousand years 
ago, give a brief but exhaustive definition of the goals and 
tasks of noogenics.

Noogenics as a science of intelligent control of interre
lations between man and nature is as yet nascent, while 
human practice still remains ungoverned. However, where 
practice is determined not only by private-owner interests 
and the rush for profits it is already consciously streamlined 
towards noogenesis. It can be easily demonstrated by a few 
examples.

Many important issues of national economy can be tack
led in different ways. All these ways may prove to be equi
valent for achieving the desirable effect as such. For ins
tance, for obtaining a larger harvest one can either expand 
the area under crop at the expense of forest tracts or raise 
the yields on lands already developed. In the beginning 
mankind had taken mostly the former path, which was 
historically justified. Science and practice of today insist 
on checking the onslaught at forest since the march along 
this century-old road began to destroy the biosphere. An 
essentially noogenic task is posed—the increase of produc
tivity of lands already developed. By most crude estimates, 
in this way the harvest can be raised three- or four-fold. 
A major role here belongs to introduction of advanced agro
technology and the measures of selection and genetics. 
N.I. Vavilov justly qualified selection as controlled evolu
tion of cultured organisms.

Limitations of areas under farm crops and pastures urges

Aristotle. Metaphysics. Moscow-Leningrad, Sotsckonomizdat 
Publishers, 1934, p. 21 (in Hussian).
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scientists to seek other ways for production of foodstuffs 
and fodder products. Various methods are being developed 
for exploitation of poorly productive, inconvenient or ero
ded soils and the problem is posed of a fuller and more 
rational utilization of biological resources of seas and 
oceans.

The vital activity of single-celled organisms lies at the 
foundation of the biotic circulation. A successful manage
ment of living nature is impossible without close coopera
tion with these organisms. In this context particular impor
tance attaches to promotion of microbiological industry 
which makes use of various microorganisms (bacteria, 
ray fungi, yeast, algae, protozoa, etc.) as producers of 
protein and other stuffs consumed by man and farm 
animals, medicinal preparations, etc. Artificial synthesis 
of food products of mineral elements has been put on 
the agenda.

Preservation of crops necessitates struggle with pests. 
There are various approaches to this. Highly efficient are 
various chlorine-organic compounds such as DDT, hexach- 
loro-cyclohexan and other so-called pesticides. They have 
undoubtedly played a positive role. However, at present 
it is already obvious that unrestricted application of such 
substances is not only prospectless but harmful. In recent 
years new, less dangerous and more efficacious methods 
for protection of forests and farm crops have started to be 
developed. This is introduction of immune breeds; stimula
tion of growth and reproduction of the predatory animals 
eating the pests; cultivation of plants deterring the pests; 
breeding of stocks of microorganisms which infect the harm
ful arthropods; attraction or repulsion of pests by specific 
preparations (attractant or repellent), ultra-sound and oth
er physical methods of stimulation; destruction of the ge
netic structure of pests and, lastly synthesis of pesticides 
that can be easily destroyed by microorganisms. All this 
presupposes knowledge of the way of living of the pests, 
features of their behaviour, etc. In other words, the involved 
task of protecting harvest from harmful organisms should 
be the responsibility not of a chemist but of a biologist 
and in future of noogenist. Only noogenic methods of strug
gle (the use of chemical means along with other ones) enable.
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instead of destroying natural complexes of organisms, to 
transform them in a desirable direction, making the bio- 
coenoses more diversified and organically including human 
practice. This is a major chapter of noogenics.

The necessity for protecting forests, parks, meadows, exis
ting arable lands clashes with the problem of their aliena
tion for urban construction. The town of the future will 
probably grow upwards and downwards rather than breadth
wise. These tendencies are already observed. Automated 
industrial enterprises will descend underground. Only 
control keyboard desks will remain on the surface. The prob
lem of using the sea-bottom for human settlement is al
ready discussed.

Some authors think it feasible to bring outside the bio
sphere onto orbital near-space stations, the particularly 
harmful industrial processes which pollute the biosphere 
with toxical and radioactive waste. This is a noteworthy 
proposal. However, prior to implementing it it is necessary 
to study the influence of the near space on the Earth bio
sphere and the problem of exchange of substance and energy 
between the biosphere and the near space.

Pure fresh water is another major concern. Its resources 
will soon be insufficient for society’s development. Most 
scientists concerned with this problem have arrived at the 
same conclusion—in the near future mankind will have to 
use distilled sea-water for industrial processes on a large 
scale. In principle the problem has been already solved. 
Its global solution will relieve rivers and lakes from the 
overcharging to which they are now subject; it will provide 
opportunity for full development of deserts. Major indust
rial processes consuming great amounts of water will be 
moved to sea and ocean coasts.

It is clear that before these as yet half-fantastic 
projects will be implemented to any degree, extensive 
scientific research of an essentially noogenic quality is to 
be carried out to make their practical implementation 
possible.

The transition of the industry to processes precluding 
pollution of biosphere, the development of industrial plants 
with closed production cycle with chimney-free and sewa
ge-free processes is important.
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Until the chimney-free and sewage-free processes are not 
set on going, polluted sewage walers of industrial plants 
should be let out into open nature only after a biological 
cleaning with the aid of microorganisms destroying the poi
sonous organic industrial refuse. Certain microorganisms 
(bacteria, fungi and ray fungi) have been proved to be ca
pable of using stable organic substances and even anticep- 
tics as the sole source of carbon and energy. This faculty 
of lower organisms can obviously be intensified by genetics 
and selection. Research towards that goal is already under 
way.

Some organisms can and must be used as concentrators 
of metals and, particularly, radioactive fall-out. In other 
words, as industry is developing at an ever growing pace 
it will be necessary, for neutralizing the harmful implica
tions of this process, to mobilize all kinds of the biosphere 
functions and, certainly, first and foremost, the functions 
of its basis, that is the totality of single-celled organisms. 
The role of biological cleaning treatment will become se
condary only after the industry switches over to sewage- 
free and chimney-free processes.

The excesses of heat should be released from the planet’s 
surface in some as yet obscure fashion. Highly promising 
is research towards a fuller utilization of solar radiation 
and the force of wind as constant power sources. It is appro
priate to recall in this connection the words of the outstan
ding French physicist F. Joliot-Curie: “Although I believe 
in the future of atomic energy and am convinced of the im
portance of this invention I think that the true revolution 
in power engineering will be accomplished only after we 
are able to carry out mass scale synthesis of molecules si
milar to chlorophyl of an even higher quality.” 1*

A trend for passing over from one-sided, often barbarian 
methods of exploiting the nature to more noogenic approach 
is now observed in many spheres of human activity (Fig. 
44). A major victory of human reason was the ban of nuclear 
weapon tests in three environments, the treaty on non-pro
liferation of nuclear weapons, etc.

Joliot-Curie, F. et Joliot-Curie, I. Oevres scientifiques com
pletes. Paris, Presses univ. de France, 1961.
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Fig. 44. Stages of the* biosphere development:
j  — in the major abiotic cycle of matter (.-!) the biosphere (B)  has taken shape; 
2—the biosphere gets larger as life develops; 3 human society (//) appears in the 
biosphere; 4— human society begins to absorb matter and energy not only through 
the biosphere but directly from the abiotic environment (7); 5—the biosphere has 
turned into tlie noosphere (A ) and started to develop under the control of rational 
human activity (noogenesis). The interrelations between human society and natu
re arc governed wilh the aid of noogenics. In developing along the path of the noo
genesis, life is ever more fully mastering matter, energy and information poten
tial of the inanimate nature and is spreading beyond the Karth’s confines

The contributions to rationalizing the relations between 
man and biosphere are particularly great in the Soviet 
Union. In the past few years alone the Supreme Soviet of 
the USSR passed such highly important acts as “Principles 
of Agrarian Legislation of the Union of SSR and the Union 
Republics”, “Principles of the Legislation of the Union of 
SSR and the Union Republics on Health Service”, “Principles 
of the Legislation on Water Management in the USSR and 
Union Republics”. Special laws on conservation of nature 
have been adopted in the Union Republics.

A series of important decrees issued by the Party and 
the Government in the USSR are aimed at preventing the
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pollution of-the Caspian Sea, Lake Baikal, basins of the 
rivers Volga and Ural, etc. Lastly, at the lVth Session of 
the Supreme Soviet of the USSR (8th Convocation) the his
torical decree was passed “On Measures for Further Impro
vement of Conservation of Nature and Rational Exploita
tion of Natural Resources”. In passing this decree, “the Sup
reme Soviet of the USSR emphasizes that the achievements 
of the scientific and technical revolution and the powerful 
groundwork of our industry enable, in the conditions of 
socialist economic management, reasonably to utilize all 
natural riches and successfully to solve the historically 
important task of neutralizing the by-effects of economic 
activity that are harmful for nature and man” 1’. The prob
lem of interrelations of man and nature is posed as a nation
al issue of a prime importance. A pithy speech of Academi
cian V.A. Kirillin at the 4th Session of the Supreme Soviet 
of the USSR cites numerous examples of the noogenic acti
vity of the socialist state21.

Making use of the results of other disciplines the nooge- 
nics helps eliminate the menace of destruction of man’s 
hereditary structures, which are the foundation of his bio
logical essence. In a society free of class antagonism suffici
ent and healthy food for everybody, pure water, fresh air, 
flourishing living nature will not only provide for people 
a sound living environment but arouse an upswing of crea
tive activity, promotion of science, arts and high -moral 
standards.

Progress in biology and medicine is to raise the stability 
of man’s hereditary basis. Prospects are looming for subs
tantial deceleration of hereditary variation which for the 
most part leads to destruction of hereditary structures; 
it is evident that genetic therapy is to become a reality. 
Even today methods are being developed for early correc
tion of growth abnormalities caused by this or that unfa-

X) Decree of the Supreme Soviet of the USSR “On Measures 
for Further Improvement of Conservation of Nature and Rational 
Use of Natural Resources". Izvestiya, Sept. 21, 1972 (in Russian).

2) Kirillin, V.A. On Measures for Further Improvement of Con
servation of Nature and Rational Exploitation of Natural Resources. 
Izvestiya, Sept. 20, 1972 (in Russian).
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vourable hereditary change. Research along this line will be 
doubtlessly continued on a growing scale.

The educational methods will be surely perfected and 
in particular, the physical and aesthetic upbringing of the 
rising generations to ensure a harmonious development 
for those who will live after us. In other words, noogene
sis is synonymous not only to prosperity of society and na
ture but of every individual as well.

The educationalists will have to play a major part in 
dissemination of the ideas of noogenesis, especially since 
these ideas have a high pedagogical value. Having done 
away with exploitation among humans, man is himself 
to descent from his throne of the King of Nature callously 
and often barbariously annihilating life around him. Being 
a link in the great cycle of life, being endowed with consci
ousness as he is, it is his duty to take care of its other links, 
all the more so since this is crucial for his own welfare, 
growth and prosperity. The moral and aesthetic principles 
underlying the management of nature are becoming also 
principles for preserving the supreme material and spiri
tual values of human civilization.

We must inculcate it upon our children that by destroy
ing the trees and shrubs, by ravaging birds’ nests and ant
hills, by idly killing animals and plants surrounding us 
we are actually digging our own grave. Man must be concer
ned about enriching nature instead of breaking relations 
that have taken thousands of years to be formed.

In contrast to other animals, man is capable of setting 
goals and achieving them. So it has been till nowadays. 
Now the time has come to stop and ponder about the goals 
that we are to pursue. Life itself advances a noogenic cri
terion: the goals should be such that their achievement 
should promote mankind’s prosperity rather than push 
it into the abyss of nuclear holocaust, self-poisoning and 
other consequences of apparently unwise activity imposed 
upon society by the barbariousness of the past social 
systems.

A feeling of responsibility for mankind’s future should 
be bred from the earliest childhood. Like any education 
it should be given by fostering in children certain forms of 
behaviour which are as yet often left in shade.
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We must impress upon children: protect living nature, 
never damage trees, don’t tread out grass, don’t ravage 
birds’ nests, observe insects so as to understand whether 
they are useful or harmful, etc. From an early age the child 
must get the habit of assessing his behaviour not only by 
its immediate effect but by its consequences, that is for 
assessing the present in the light of the future. It is only 
with this upbringing of the young generation that the noo
genesis from a beautiful dream will become beautiful rea
lity and that mankind’s future will be in safe hands.
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Life on the Earth has emerged from a long, multifarious 
and uneven process of the evolution of matter. The essence 
of this process was progressing differentiation of the forms 
of motion of matter, which brought about new forms to 
exist side by side with the old ones.

Each newly emerging form of organization of matter 
manifested its inherent leading factors of development. 
These factors prepared the transition to the next level of 
differentiation. This transition was effected by a union 
of the structural elements of one level due to shaping of new 
forms of relation between them at the expense of energy 
of previous levels.

Thus the basic organizational principle of evolution is 
differentiation of the forms of motion of matter based on 
progressive integration of ever new structural elements 
continually emerging in the course of this differentiation. 
Higher levels evolve as the result of a synthesis x>f scat
tered information of lower levels. Life came into existence 
on the basis of a circulation of organic matter determined 
by the interaction of processes of its synthesis and destruc
tion. During one of these differentiations the biotic circu
lation became isolated from the general circulation of orga
nic matter in which organisms came to play the main role. 
The biosphere was born.

First the biosphere functioned by interaction of single- 
celled synthesizers and destructors between themselves 
and with abiotic factors. Then a new differentiation brought 
into existence the multicellular organisms. The principle 
of uneven development of matter was manifested also in 
the uneven pattern of the biosphere’s development. Along 
with vertebrates, insects and flowering plants that had made 
a long way in progressive development there still exist 
protozoa, bacteria and algae that have been preserved prac-
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ticaliy unchanged through a series of geological periods. 
Laying emphasis on this latter group of organisms some 
scientists place under doubt even the very principle of evo
lution. Their error springs from a failure of reckoning with 
the integrated nature of life’s development. The progres
sive evolution of the biosphere would be impossible without 
preservation of its basement—the circulation of organic 
matter regulated largely by activity of single-celled orga
nisms. Similarly as a normal function of brain’s cells would 
be impossible without the cells of intestine, kidneys, liver 
and blood, equally higher forms of life could not exist 
at all without lower ones. The lower single-celled organisms 
are an intrinsic component of the biosphere providing for 
its normal functioning and, hence, for the possibility of 
progressive development. Their perpetual existence is a 
basis for the biosphere’s evolution.

Evolution is forwarded by the contradiction between 
the infinite ability of reproduction, which is the most typi
cal feature of life, and limited amount of material resources 
available. This contradiction is solved by mastering new 
sources of substance and energy and, hence, of new informa
tion. The variability of all living is a premise to, and selec
tion, a method for, fixing and perfecting its organization.

Owing to the ability of self-reproduction, the living 
matter adapting to various conditions, is again and again 
outpassing the scope of a closed circulation. However, due 
to activity of the single-celled organisms, instead of dest
roying the cyclic structure, this only expands its early 
scope of the circulation. The cycle becomes a spiral—the 
great spiral of life! In the process the organizational level 
of life is raised, which opens up ever new opportunities for 
absorption of fresh information. Life masters to an ever 
fuller degree the material sources of inorganic medium. 
It is the progress of life. The colourful attire of flowers and 
butterflies is but an external manifestation of this progress.

The principle of circulation has enabled the system of 
life sufficiently to deal with the problem of elimination 
of harmful refuse and of economizing material resources. 
All living beings pollute the environment by the very pro
cess of their life. However, this damage is swiftly repaired 
by organisms of other species, usually the closest neighbours.
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so it is always local and temporary. The units of the circu
lation are so exactly dovetailed as to ensure for preserva
tion in the biosphere of a certain reserve of chemical subs
tances for hundreds of millions of years of the biogenesis.

A major accomplishment of biogenesis was the creation 
of genetic programming devices which serve to perpetuate 
the achievements once obtained. The rivalry of di
fferent programmes in the struggle for existence has two 
major consequences. First, natural selection improves the 
programmes of individual growth of organisms and, second, 
there emerges programming of the direction of evolution 
of species. Biosphere comes to act as the programme device 
in this case. For it is the biosphere which determines the 
characteristics, velocity and direction of the evolutionary 
change of species that are comprised in it.

An essentially new stage in biotic circulation was inaugu
rated by the emergence of human society. First, activity 
of men differed slightly from those of other living beings. 
Taking means of subsistence from the biosphere, people 
returned to it what other organisms could utilize. The uni
versal faculty of microorganisms for destroying organic 
matter provided for including the results of economic acti
vity in the biotic circulation. The situation has drastically 
changed today. While continuing to take from nature raw 
materials, the industry and agriculture are bringing into 
it substances that are not used by the living population of 
the planet and quite often are poisonous. The biotic circula
tion ceases to be closed. The major regularities underlying 
the prolonged existence of life are violated: a relatively closed 
circulation, and “localization” of destruction of harmful 
refuse and economy of material resources. Human activity, 
reasonable in its purposes becomes destructive for the most 
part on the scale of the biosphere. The scientific and techni
cal revolution comes to act as a new revolution of the bio
sphere.

Human society is faced with a task of immense importance. 
It has to develop methods and techniques for a conscious 
regulation of the exchange of substances between man and 
the biosphere, the inclusion of human activity in the biotic 
circulation of our planet. The first priority should be appa
rently given to taking account of the basic regularities of
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the biosphere and particularly of the principle of localiza
tion of the cleaning processes. Open nature should not be 
used for that purposes as it is unfortunately still done today 
with the inevitable harm for mankind’s future.

Consequently, to secure its own survival and progressive 
development in the long run, mankind even today ought 
to grasp the helm of the evolution and steer its course for 
noogenesis. Putting a stop to the fast destruction of the bio
sphere, this will, furthermore, ensure its enrichment. The 
exchange of substances between man and nature will cease 
to work as a “blind force” dominating society. The immi
nent conflict between man and the biosphere will be resol
ved not by a relapse to a primitive existence, not by sub
stituting some sort of technosphere for the biosphere, but 
by a conscious regulation of the biosphere with the help 
of a still more perfect technology, reckoning with the fea
tures and potentialities of the biotic circulation. The biggest 
say here belongs to science. In addition to its two major func
tions—that of a tool for cognition of the surrounding world 
and that of the basis of technological progress, it acquires 
a new, third one—becoming a means for mankind’s sur
vival in the environment of the scientific and technical 
revolution.

As human society develops, a qualitatively new form of 
programming is coming into existence. It is planning. While 
with programming the past and the present to some ex
tent determine the future, with planning it is the future 
that becomes a factor in transforming the present. Purpo
seful, plan-governed and aware activity of men is to guide 
the evolution, first, of human society and, next, in the epoch 
of noogenesis, of the entire biosphere.

Noogenesis implies the development not only of the bio
sphere and society but of every individual human being. 
It means that the material, aesthetic and ethical principles 
underlying the management of nature are bound to become 
also the principles for the perpetuation and perfection of 
the supreme material and spiritual values of human civi
lization.
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